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ABSTRACT 
Cicer arietinum (Leguminoceae) is the most important pulse 
crop in India, ranking fourth among the grain crop in acreage and 
production. It is a nutritive pulse extensively used as a protein 
adjunct to starchy diets. Attempts to popularize Cicer as a pulse 
crop for the plains of India, have met with limited success because 
of lack of variability in the available germplasm. Moreover, the 
material is easily available, easy to grow and handle, which make 
it suitable for the use all over the world. 
Realizing the importance of Cicer, the present work deals 
with the treatment of Hydrazine Sulphate and Diethyl Sulphate on 
two varieties of Cicer arietinum L. (K850 and Pusa372). The 
parameters of study were seed germination, plant growth, 
i.v> M ,, M J^  Ctnel M3 jttuYddUoiru 
morphology, pollen fertility,<iwyield;( and meiotic abnormalities in 
Ml and M2. generations. Few selected mutants have been 
obtained in M3 generation and maintained. The findings are 
abstracted below. 
1. Seed germination showed a concentration dependent 
decrease with HS and higher concentrations of DES, while in 
lower concentration of DES (0.25% and 0.5%) it showed 
slight increase in mean values as compared to control. Same 
trend was followed in these concentrations in M2 generation 
also, but with some recovery. HS had induced more 
reduction than DES and the var. Pusa 372 was found to be 
more sensitive than K 850. 
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2. Older seedlings exhibited morphological variations such as 
varied leaf shape and size, semi erect plant with lesser 
number of branches and leaves, healthy seedlings with 
increased number of branches, delayed germination followed 
by retarted growth and rudimentary seedlings bearing 
undifferentiated branches and leaves in Mi generation. The 
mutants in M2 were selected on the basis of selfing the 
variants of Mi and maintaining them in M2. The frequency of 
mutations was generally lower in M2 and M3 generations, 
than the variants obtained in Mi generation. 
3. The average height of mature plants decreased with 
increasing concentrations of HS and DES, while in lower 
concentrations of DES (0.25% and 0.5%) there was 
stimulatory effect and the average height increased over 
control. The maximum reduction in height was obtained in 
0.5% HS in var. Pusa 372 followed by 0.5% HS in K 850. 
Similar trend was followed in M2 generation also, but 
generally plants were higher than Mi. Moreover, some 
mutants in M2 and M3 were taller than control plants, as well 
as general treated populations. 
4. In mature plants, the morphological mutants, like dwarf 
plant with small and narrow leaves; broad leaved plant with 
increased or decreased number of branches; taller bushy 
mutants bearing increased or decreased number of branches; 
high/low yielding mutants were obtained in various 
treatments in M j and M3 generations. 
5. Various micromutational characters such as average number 
of branches, pods and seeds per plants and weight of 100 
seeds were considered and studies in Mi, M2 and M3 
generations. 
Generally all the characters decreased with increasing 
concentrations of HS and DES, while lower concentrations of DES 
(0.25 and 0.5%) showed enhancing effect on these characters. The 
yield was maximum in DES concentrations in both varieties. 
Generally it was higher in M2 and M3 generation than Mi due to 
ceasing toxic effect of mutagens. 
6. The mutagenic effectiveness was higher in lower 
concentrations of HS and DES in both varieties. The order 
of mutagens based on effectiveness w ^ | | ^ S > D E S . Pusa 372 
was found to be more sensitive to mwl^gens. The mutagenic 
efficiency worked out on the basis of seedling injury (Mp/I) 
and pollen sterility (Mp/S), also showed a decreasing trend 
with increasing concentrations of HS and DES in both 
varieties. The order of mutagenic eff iciency was DES> HS. 
On the basis of data the HS was found to be more effective 
while DESioOi. more efficient in inducing mutations in 
C.arietinum. 
7. The effect of HS and DES on meiotic chromosomes was 
studied in detail. The chiasma frequency (per cell and per 
bivalent) generally decreased with the increasing 
concentrations of mutagens at metaphase I stage. The 
maximum adverse effect on chiasma formation was observed 
in HS treatment in both varieties. The same pattern was 
followed in M2 generation also, but with increased values, 
8. Multivalent, univalents, precocious separation of 
chromosomes and stickiness observed at metaphase I 
increased with increasing concentrations of HS and DES. 
These abnormalities were also observed in M2 generation 
but their frequencies were comparatively lower than those in 
Ml generation. 
9. At anaphase I, mainly the bridges, laggards, i usynchronized 
movement of chromosomes, unequal s l - of 
chromosomes and stickiness were observed. The n.u.xiiuum 
frequencies of these abnormalities occurred in 0.5% HS in 
var. Pusa 372 followed by DES in P HS in K850 an J 
DES in K850. In M2 generat ' ainaii t ics were 
observed, but their frequencies weie iovs u Mi. 
10. The main abnormality at telopua^,e I was uiici^nuclei . Hie 
micronuclei were more common in K 850 inJuccd by HS and 
DES followed by var. Pusa 372. 
11. The abnormalities induced at second meiotic stages were 
comparatively lower both in Mi and M2 generations. 
However, some of the abnormalities recorded were 
precocious separation of chromosomes, stickiness at 
metaphase II; bridges, laggards, movAHYuont 
and stickiness at anaphase II and micronuclei , 
at telophase II. Their frequencies at second meiotic stages 
were maximum in HS treated Pusa 372 and K 850 followed 
by DES treated Pusa 372 and K 850. The frequencies of 
above mentioned abnormalities in Ma generation were lower 
than Ml. Generally HS was more effective in inducing these 
abnormalities and that in most of the cases Pusa 372 was 
more sensitive than K 850 in the induction of mutations. 
The possible cytogenetic reasons behind the variations have 
been discussed in detail. 
12. The positive and negative mutants have been isolated in M3, 
which showed various morphological characters almost 
similar to that of M2 such as tall, dwarf, bushy, less 
branching, high or low yielding etc. 
It has been concluded that the morphological and 
cytological variations observed in the present investigation 
may be due to physiological disturbances in metabolic 
activities or growth regulators (auxins and cytokinins) 
combination with the genetic disturbances, like various 
chromosomal associations and disturbed spindle formation, 
as a result of the action of HS and DES. In the condition of 
undetectable changes at chromosomal level, the changes at 
i 
genie level (Cryptic structural changes) have been attributed 
as the reasons for phenotypic changes. In var. K850 and 
Pusa372, HS caused deleterious effects more than DES. 
Morphological variations were higher and mostly adapted in 
Ml generation, while in M2 the mutants were either 
chromosomal or genie and moreover recessive, because in 
DES, in both varieties the frequency of chromosomal 
abnormalities as compared to HS ^.as lower while 
morphological mutations were significant. The mutation rate 
in lower doses were higher since less damaging 
concentrations were more effective and efficient . 
Chromosomal abnormalities were also concentration 
dependent and more or less similar in HS and DES treatment 
with only difference;. ''•equencies. It can be 
presumed that where ever enzymes '\re involved there must 
be the involvement of genes, as the genes are expressed in 
the forms of proteins and enzymes. If there is any alteration 
at genie or base level the mutation is found to occur. 
Moreover, the induced cytomorphological variability 
in the present investigation provided greater chances of 
selection for different desirable charact 'ovs in Cicer 
arietinum L. 
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C H A P T E R - 1 
INTRODUCTION 
The word mutation can be defined as a "sudden heritable 
change in the characteristics of an organism, without the 
involvement of conventional methods." De Vries (1901) 
introduced the term mutation. The term refers both to the change 
in the genetic material and to the process by which the changes 
occur. Mutation plays a great role in the evolution of plants and 
formation of new species. Its role in evolution was emphasized by 
Baur (1924). 
Mutations produced by changes in the base sequence of 
genes are known as gene or point mutations, those produced by 
changes in chromosome structure or even in chromosome number 
are termed as chromosomal mutations. Gross chromosomal 
changes such as changes in chromosome number, translocations, 
inversions, large deletions and duplications are detectable 
cytologically under the microscope, but small deletions and 
duplications can rarely be detected, and would be considered as 
gene mutations. The important properties of mutations are that 
they are recurrent and reproducible. 
The mutations created by natural forces are called 
spontaneous mutations. Those induced artificially through agents 
are known as induced mutations, which may be lethal, sub-lethal, 
sub-vital and vital. Lethal mutations have no role in crop 
improvement as they adversely affect the genotype of an 
individual. 
Mutations play a great role in the evoluation of plants and 
formation of new species. Mutagenic action of x-rays was 
discovered by Muller (1927) in Drosophila and by Stadler (1928) 
in barley and maize by using x-rays. 
The first definite evidence, that chemical agents can induce 
mutations was obtained by Auerbach and Robson (1942) followed 
by Oehlkers (1943). Swaminathan et al. (1962) induced mutation 
by EMS in barley and wheat. There are several attempts to induce 
mutations by chemical agents (Westergaard 1957; Gustafsson, 
1969). Brock (1970) found that induced mutations are considered 
as the alternative to naturally occurring variations, as the source 
of germplasm for plant improvement programmes and as an 
alternative to hybridization and recombination in plant breeding. 
Pulse crops play an important role in Indian agriculture. 
Besides being rich in protein, they sustain the productivity of the 
cropping systems. The common pulses are chickpea, lentil, pigeon 
pea, mungbean etc. In India, 60% of pulses area is covered in rabi, 
sown in (Oct-Nov.) and 40% in Kharif (June-July) season. Pulses 
account for roughly one f i f th of the total area under food grain 
crops and contribute about one twelfth of the total food grain 
production in the country. The area under pulse crops at present is 
around 23 million hac, the production around 15 million tonnes 
and productivity about 650Kg/ha (Asthana, 2000). 
The record production of 202.54 million tonnes of food 
grains in 1998-99 is hailed as a break through on the farm front by 
international agriculture experts. In rabi, chick pea production was 
extremely good, and it touched a recorded high of 6.6 million 
tones (Venkataramani, 2000). Significant progress has been made 
in reducing the maturity duration for increasing the adaptability of 
pulses in different cropping systems. The reduced maturity 
duration of the new set of varieties is tailor made to suit the 
appropriate cropping systems. For example, the maturity duration 
of traditional chickpea has been shortened from 130-160 days to 
110-125 days, which has opened the new avenues for chick pea 
cultivation under late sown conditions in northern India (Asthana, 
2000). 
l . r . Significance of Cicer arietinum L. (Black gram) 
The gram is mainly consumed as pulse. It is also used in raw 
boiled, flour, crushed, parched, roasted and cooked forms. It is 
recommended as a prophylactic against deficiency diseases, 
particularly scurvy. The husk and broken bits or full grams are 
used as cattle feed. Its pulse is nutritive, extensively used as a 
protein adjunct to starchy diets. Analysis of gram gave the 
following values: 
Moisture 9.8% 
Protein 17.1% 
Fat 5.3% 
Mineral matter 2.7% 
Fibre 3.9% 
Carbohydrates 61.2% 
Calcium 0.19% 
Phosphorus 0.24% 
Oil 4-5% 
Vitamin Bi 
Whole gram contains saccharose, glucose, fructose, poly-
saccharides including starch, y-galactin, levulosan and p-
galactoraban, betaine, choline, adenine, inositol and citric and 
oxalic acids. The presence of lecithin, phytin and saponin have 
also been reported. 
Three crystalline protein products have been isolated from 
the fresh sprouting gram. 
(i) Biochanin A (C16H12O5) 
(ii) Biochanin B (C15H12O4) 
(iii) Biochanin C (C6H13O4N3) 
The starch from gram is suitable for giving a light finish to 
cotton, wool and silk cloths. All parts of the plant are covered 
with glandular hairs which exude an acrid liquid. The exudation 
contains; Malic acid, 94.2%; Oxalic acid, 5.6%; Volatile acids, 
0.2%. The concentrations of total acids per 100 gm of dry 
exudation is 0.36-0.75% in tender plants, 1.3-1.0% at flowering 
time, and 1.0% when the pods appear. As much as 2-5 Kg of acids 
are secreted from the plants in one acre. The exudation is 
astringent and useful in dyspepsia, indigestion and costiveness. It 
is also useful in diarrhoea and dysentry and is given as a drink 
with water in sunstroke. 
Tender shoots of plants are used as vegetable. They have the 
following composition: Moisture, 60.6%; Protein, 8.2%; Fat, 
(ether extract), 0.5%; Carbohydrates, 27.2%; Ash, 3-5%, Calcium, 
0.31%; Phosphorus 0.21%; Carotene, 6,700 (Sastri, 1950). 
In the light of these important features and being a 
tremendous crop the Cicer arietinum has been selected for 
treatment with chemical mutagens HS (Hydrazine sulphate) and 
DES (Diethyl sulphate), so as to increase the variability in the 
existing cytomorphological characters and chemical constituents 
and to create greater chanches of selection of mutants having 
desirable superior qualities. Success has been achieved in these 
regard and important mutants have been isolated in M3 generation 
in the present experiment. 

CHAPTER-2 
MATERIALS AND METHODS 
The effect of chemical mutagens, Hydrazine Sulphate (HS) and 
Diethyl Sulphate (DES) has been studied on the cytomorphological 
characters of Cicer arietinum L. (Chick pea). The certified healthy 
seeds of variety K 850 and Pusa 372 has been obtained from from 
C.S.A. University of Agriculture and Technology, Kanpur and Indian 
Agricultural Research Institute (lARI), New Delhi. 
The concentrations of HS were 0.1, 0.2, 0.3, 0.4, 0.5% and that 
of DES 0.25, 0.5, 1.0, 1.5, 2.0%, prepared in distilled water. These 
doses were standardized on the basis of LDso results in both 
mutagens. In each concentration 3 replicates of 100 seeds each were 
treated for 24 hours. 
After the treatments the seeds were thoroughly washed in 
running water and sown in beds in randomized block design. One set 
of seeds was soaked in distilled water and sown as control. The 
cytomorphological observations were recorded from treated as well 
as control populations. 
2.1: OBSERVATIONS RECORDED IN Mi GENERATION 
A detail study of the effects of different mutagenic treatments 
was done using following parameters. 
2.1.1: Seed Germination : The seed germination started 8th day 
after sowing in control and lower doses of mutagens. Germination 
data were recorded, every alternate day upto 30 days, till the 
maximum germination was attained. The germination percentage was 
calculated by the following formula: 
Number of seeds germinated 
Germination percentage = xloo 
Number of seeds sown 
2.1.2: Lethal Dose ( L D 5 0 ) : It is the dose of the chemical at which 
50% of the plants survive and remaining 50% die off with optimum 
mutation frequency. The doses of HS and DES were determined on 
the basis of LD50 results. 
2.1.3: Percentage inhibition in germination: Percentage inhibition 
in germination or seedling injury was calculated by using following 
formula: 
Germination inhibition = 
Number of seeds germinated—Number of seeds germinated 
in control in treated population 
xiOO 
Number of seeds germinated in control 
2.1.4: Frequency of morphological variations: The morphological 
variations were scored on the basis of visible physical characters and 
deviations in treated populations from the normal behaviour of the 
control plants. It was calculated by the formula: 
Number of varied seedlings 
Variation frequency(%) = xlOO 
Total number of germinated seedlings 
2.1.5: Plant Height: The height of plants was measured from the 
point above the ground to the tip of the main axis at maturity. 
2.1.6: Number of branches per plant: Branches were counted 
emerging out of main stem and main branches of the control and 
treated plants. 
2.1.7: Number of pods per plant: Number of pods borne on the 
whole plants were counted at maturity. 
2.1.8: Number of seeds per pod: It was calculated by dividing total 
number of seeds by total number of pods. 
2.1.9: Plant yield: The total number of seeds were counted from the 
whole plant. 
2.1.10: Weight of 100 seeds (g): It was the average weight of 
random samples of 100 seeds from control and each treatment. 
2.2: CYTOLOGICAL STUDIES: 
2.2.1 (i) Fixation of flower buds: For study of meiosis, the flower 
buds were fixed between 8.00-10.30 a.m. in Carnoy's fluid (6 parts 
absolute alcohol: 3 parts chloroform: 1 part glacial acetic acid) for 
40-45 minutes. Buds were then transferred to propionic acid 
(saturated with ferric acetate) for 24 hrs, washed in 70% alcohol and 
stored in it. 
2.2.1 (ii) Preparation of slides: Anthers were squashed in 1% 
propionocarmine stain (Swaminathan et al., 1954), dehydrated in 
NBA series (Bhaduri and Ghosh, 1954), mounted in Canada balsam 
and dried in incubator at 45°C for 3-5 days. Cytological observations 
and microphotographs were taken from temporary as well as 
permanent slides. 
2.2.2: Chiasmata frequency: The number of chiasmata per cell and 
per bivalent were estimated in treated as well as control plants by 
scoring 250 Pollen mother cells (PMCs), at random, at metaphase I 
stage. 
2.2.3: Meibtic abnormalities: Randomly selected 250 PMCs were 
analysed, from metaphase I to telophase II stages, to study the 
anomalies, such as multivalents, stickiness of chromosomes, unequal 
divisions, bridges, laggards, precocious separation and micronuclei 
etc. 
2.2.4: Pollen fertility: Mature anthers of the randomly selected 
control and treated plants were squashed in 1% acetocarmine. Fully 
stained, full size pollen grains with smooth and regular outline were 
counted as fertile, while unstained, empty, shrunken and deshaped 
pollen grains were counted as sterile. The percentage of pollen 
fertility in each concentration was calculated by using the formula: 
Number of fertile pollen grains 
Pollen fertility (%) = x ioo 
Total number of pollen grains 
2.3: OBSERVATIONS RECORDED IN Mj GENERATION 
A set of control seeds and all those obtained from treated 
populations of Mi generation were sown for study in M2 generation. 
Three replicates were maintained in each treatment. 
2.3.1 Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the frequency of 
mutations induced by unit dose of a mutagen (time x concentration), 
while mutagenic efficiency represents the proportions of mutations in 
relation to biological damage. 
The formula suggested by Konzak et al. (1965) were used to 
evaluate mutagenic effectiveness and efficiency of the mutagens. 
Percentage of mutated plant 
progenies (mp) 
(a) Mutagenic effectiveness = 
concentrations xduration of treatment 
of mutagen in hrs 
Percentage of mutated plant 
progenies (mp) 
(b) Mutagenic efficiency = 
Biological damage in M2 generation 
Biological damage: For measuring the biological damage two 
different criteria were used. 
(i) Injury: Percentage germination reduction (mp/I). 
C-T 
% inhibition in germination = —— xlOO 
1 0 
where C = germination in control 
T = germination in treated seedling, 
(ii) Sterility: Percentage reduction in pollen fertility (mp/s). 
% pollen sterility ^ ^ x l O O 
Where C = Pollen sterility in control. 
T = Pollen sterility in treated plants. 
2.3.2: Studies on different morphological traits: For morphological 
studies the parameters were similar to that in Mi generation. These 
included height, number of branches, number of pods, number of 
seeds, number of seeds per pod, weight of 100 seeds (gms). 
2.4:M3 GENERATION 
M3 generation was raised from the selected seeds obtained from 
treated populations of M2 generation. Different mutants were 
obtained in M3 generation and studied separately. The characters 
studied in M3 generation were same as in M2 generation. 
2.5: Statistical analysis: The data recorded on different characters 
relating to each of the different treatments have been subjected to 
statistical analysis with a view to find the individual and comparative 
effects of those mutagens on two varieties of Cicer arietinum L. 
1 1 
2.5.1 :Mean (A') :The mean was computed by taking the sum of a 
number of observations and dividing it by the total number of 
observations recorded. Therefore, 
Z=(Xi+X2.... +X„)/N 
Sx 
Or Z = 
N 
Where Xi, X2, Xn = observations 
N= total number of observations recorded 
2.5.2: Standard deviation (S.D., a ) : Standard deviation is the 
positive square root of the average of sum of squares of deviations of 
all observations from their means. It is calculated by the following 
formula. 
SD or CT = V 
X = Mean of observations involved 
xi Xn = observations 
N = No. of observations 
2.5.3: Coefficient of Variations (C.V.): It measures the relative 
magnitude of variations present in observations, relative to the 
magnitude of their arithmetic mean. It is defined as the "Rate of 
standard deviation to arithmetic mean expressed as a percentage." 
1 2 
S.D. 
C.V. = xlOO 
X 
2.5.2 : Critical difference (C.D.): 
Critical difference was computed by following the standard 
procedure laid down by Gomez and Gomez (1984). The "F" test was 
applied to assist the significance of the data at 5% and 1% level of 
probability. The error due to replicates was determined. Critical 
difference (C.D.) was also calculated using the following formula. 
Standard Error x 2 
C.D. = I X t value at 5% or 1% level. 
V Replicates 
If the difference between any two samples means exceeds the 
C.D. values obtained at 5% and / or 1% level, the difference between 
the two means is said to be significant at 5% and /or 1% level, 
respectively. 
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C H A P T E R - 3 
REVIEW OF LITERATURE 
Mutation in a broad sense includes all those heritable 
changes, which alters, the phenotypes of an individual. Mutation 
breeding attracted considerable attention during 1950s and 1960s 
and several countries took up research projects in mutation 
breeding. It is very valuable tool for improving the plant genotype 
and to produce better varieties. First successful use of x-rays was 
made by Muller (1927) for the discovery of induced mutability and 
its frequency in Drosophila. Later, the successes were achieved by 
Stadler (1928) in barley and Goodspeed (1929) in Datura and 
Nicotiana. Substitution and chromosomal reconstruction clearly 
demonstrated by Sear (1956) is now a valuable tool in plant 
genetics and breeding. 
Chemical mutagenesis for the first time was tried by 
Scheiman (1912) on Aspergillus niger, but the first successful 
attempt was done by Auerback and Robson (1942) by using 
mustard gas. Oehlkers (1943) studied the induction of 
chromosomal translocation in Oenothera lamarckiana by urethane. 
A review of the important literature, on various aspects of 
chickpea {Cicer arietinum) and other plants, is given below. The 
mutagenic action of various chemical mutagens has been 
extensively studied in these plants at two levels. 
(i) Morphological 
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(ii) Cytology, chromosome number and Karyotype 
3.1: Morphological Studies: Mutagenic treatments have been 
reported to affect germination, plant height and yield etc. 
Athwal (1963) reported that in Cicer the percentage of total 
germination decreased and the number of days taken to germinate 
increased in higher doses of x-rays irradiation. Cases of reduced 
seed germination in Vicia faba have been reported by Vandana 
and Dubey (1988) by the treatment of EMS and DES; Ashour and 
Abdou (1990) by the herbicides igran, topogard and iptam; Reddy 
(1992) by colchicine in Cicer-, Kumar et al. (1993) in Vicia faba 
by DES and gamma rays, Ansari and Siddiqui (1995) in Ammi 
majus by EMS, Anis and Wani (1997) in Trigonella foenum 
graecum by caffeine and in Lens Culinaris by gamma rays (Verma 
et al., 1999). 
The adverse effects of mutagens on seedling growth and 
height of mature plants, as observed in C. arietinum L., has also 
been reported by Corradi et al. (1993) in Salvia sclarea by the 
chromium; Ansari and Siddiqui (1995) in Ammi majus by EMS; 
Mehetre and Mahajan (1996) in Glycine max L. and Verma et al. 
(1999) in Lens Culinaris by gamma rays. Vandana and Dubey 
(1988) by the treatment of EMS and DES; Kash (1988) by 
Acriflavin and gamma rays; Vandana (1992) by DES and EMS and 
Kumar et al. (1993) by DES and Gamma rays have also reported 
adverse effects in Vicia faba. 
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Reduction in pollen fertility by mutagenic treatments as 
observed in Cicer has been reported by Krishna et al. (1984) in 
Chloris gayana by gamma rays; Ansari and Siddiqui (1995) in 
Ammi majus by EMS. Vandana and Dubey (1988) using DES and 
EMS and Kumar et al. (1993) using gamma rays and DES; Haroun 
and Alshehri (2001) by Calotropis procera extract, have 
mentioned reduction in pollen fertility in Vicia faba and 
Muthusamy and Jayabalan (2002) by gamma rays in Gossypium 
hirsutum L. 
A considerable amount of mutagenic work has been done by 
physical and chemical mutagens in Chick pea (C.arietinum). 
Ramanna and Natarajan (1965) studied the mutagenic eff iciency of 
alkylating agents (viz. EMS, MES) and Myleran. Among the three 
mutagens, EMS was found to induce highest mutation rates, 
however, on an equi-molecular basis EMS occupied the first place 
among the three mutagens with respect to mutagenicity. Dokov 
and Rodkov (1982) reported that in Cicer the EMS had induced a 
somewhat higher frequency of mutations than gamma rays. 
According to Kharkwal (1998a) chemical mutagens particularly 
NMU is also more efficient than physical mutagens in inducing 
mutations in chickpea. Variants of desi type (varieties G 130. H 
214) were more resistant towards mutagenic treatment than Kabuli 
and green seeded. Kharkwal (1998b) again reported that NMU and 
EMS were more efficient than y-rays and fast neutrons in inducing 
chlorophyll mutations in chickpea. Kharkwal (2000) induced plant 
type mutants, such as miniature, dwarfs, compact, upright and tall. 
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He (2001) found the chemical mutagens to be relatively more 
eff ic ient than physical mutagens in generating variabili ty in M2 
and M3 generations. Similar observations was recorded by Solanki 
and Sharma (2002) in Lens culinaris. 
A number of mutants have been isolated by combined 
treatment of physical and chemical mutagens in Cicer. Pathak and 
Sahai (1964) found ten mutants in C. arietinum, such as double 
f lowers and inflated pods with narrow leaves, dirty green foliage 
and spatulate leaflets which were monogenetically recessive to the 
corresponding normal condition. Bhatnagar et al. (1988) obtained 
a mutant of Cicer f rom 30KR Y-rays+0.1% EMS and reported that 
combined treatments of y-rays and EMS were more effect ive than 
single ones. Singh and Singh (1995) reported a spontaneous 
mutation in the chickpea cultivar K850 which had multipinnate 
leaf. Patil et al. (1996) obtained three chickpea mutants from 
combined treatments of lOKR gamma rays and 0.05% EMS. Gaur 
and Gour (1999) induced a fasciated mutant which was 
characterized by broadened and flat tened stem, irregular leaf 
arrangement and clustering of pods at the stem tip in chickpea cv 
'JG-315' through mutagenesis with EMS. Kumar et al. (1999) 
found two new leaf mutants of chickpea. One was di f ferent f rom 
the pinnate leaves by the absence of pinnae on rachis and this was 
completely sterile. Second leaf mutant was characterized by its 
smooth leaf margins and oval in shape. 
17 
A considerable amount of work on quantitative and 
qualitative characters of protein in Cicer sp. has been done. 
Khanna and Maherchandani (1984) reported that radiation had 
reduced the protein content as well as the enzyme activity in 
cotyledons and embryo axis. According to Gowda et al. (1990) the 
protein content is influenced by variation in soil pH and EC 
(Electrical conductivity). Bala et al. (1994) suggested that 
improvement for nutritional quality of protein content in chickpea 
would be effective and economical if selection is carried out for 
albumin content alone than individual amino acids. According to 
Kharkwal (1998) it is possible to increase the protein content 
concurrent with an increase or without a loss in grain weight, 
density and yield through induction of mutations. 
A remarkable loss in yield as observed in Cicer has been 
reported in Vicia faba by Kash (1988) in terms of reduced number 
of pods, seeds and weight of seeds per plant by the treatment of 
acriflavin and gamma rays. Similarly, Vandana and Dubey (1988) 
using EMS and DES and Kumar et al. (1993) using gamma rays 
and DES obtained the similar results. Temple (1990) observed 
yield loss in Lycopersicon esculentum by the exposure to ozone. 
Kumar and Bahl (1992) reported that in Cicer the indirect 
selection for yield via pod number and seed weight is more 
eff icient than direct selection for yield. Jagdish et al. (1996) 
observed that in Cicer, the black variety showed more variations 
than white variety (Kabuli types) and that seed size did not appear 
to influence yield performance and stability. Chand and Singh 
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(1997) reported positive correlation with seeds per plant, pods per 
plant and yield in Cicer. They also found positive correlation 
between grain yield and seeds per pod; and seeds per pod has 
positive association with plant height. Girase and Deshmukh 
(2000) reported that in Cicer grain yield was found to be 
predominantly under the control of dominance effect . 
3.2: Cytology, Chromosome number and Karyotype: 
Mercy et al. (1974) reported chromosome number 2n=16 in 
C.arietinum and C.pinnatifidum, whereas, he could not confirm the 
already reported number of 2n=14 in C.soongaricum. Kutareker 
and Wanjari (1983) also observed that the chromosome number in 
all the varieties of Cicer arietinum was 2n=16. Ahmad (1989) 
reported 2n=16 in a wild species of Cicer anatalicum Alef, a 
perennial relative of chickpea. Kabir and Singh (1989) considered 
C.reticulatum as most primitive among six Cicer species on the 
basis of heterochromatin values in both meristematic and 
differentiated cells. According to Gallaso et al. (1999) 
C.reticulatum is the ancestral species from which C.arietinum and 
C.echinospermum were derived with the loss of one pair of 
satellites. Ohri (1999) concluded that the cultivated chickpea had 
the largest genome size of all the annual and perennial species 
studied so far. 
Ahmad and Godward (1980) reported that the varieties 
CSIMF, C612 and FIO showed very different diplotene and 
diakinetic stages. The bridges at mitotic anaphase occurred in 
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variety FIO only. Sharma and Gupta (1982) studied Karyotype in 
Pisum sativum L, Lens culinaris med, Cicer arietinum L, Cajanus 
cajan L and Vigna radiata pulse crops and observed satellited 
chromosomes only in Cicer arietinum and Lens culinaris etc. 
Pundir et al. (1993) described the morphology and cytology of 
Cicer canariense, a wild relative of chickpea. This species had 
multipoded peduncles and multiseeded pods and concluded that it 
may be useful in the genetic improvement of chickpea. Ahmad 
(1993) studied meiotic abnormalities in two cultivars of Cicer 
arietinum (FIO, CSIMF) and reported that meiotic abnormalities 
increased with the increase of radiation dose. Tayyar et al. (1994) 
divided nine annual species of Cicer in two groups (i) Low 
heterochromatin content {C.arietinum, C.chorassanicum, 
C.echinospermum, C.pinnatifidum, C.reticulatum and 
C.yamashitae) (ii) High heterochromatin content {C.bijugum, 
C.cuneatum). There seemed to be a trend for reduction in C-
heterochromatin content in the course of evolution of Cicer. 
Ahmad and Chen (2000) found negative relationship between 
Chiasma frequency and genome length. The role of proportion of 
repetitive DNA sequences, in the form of heterochromatin, present 
in the genome and its distribution among chromosomes of the 
various Cicer species genome have been speculated to explain this 
negative relationship. 
INFORMATIONS ABOUT MUTAGENS USED: 
HYDRAZINE SULPHATE (H6N2O4S) 
Hydrazine Sulphate is orthorombic crystals, Glass-like plates 
or prisms. It is soluble in hot water and insoluble in alcohol 
(Windholz, 1983). 
Moreover, Hydrazine (H2N-NH2) is of wide industrial use as 
on antioxidant for boiler and cooling tower water and as a source 
material for synthesizing a wide range of pharmaceuticals and 
plant growth inhibitors. The mutations produced by hydrazine 
seem to be mainly single locus changes. No dominant lethals are 
produced in bacteria in the host-mediated assay. Some of the 
derivatives of hydrazine (such as Hydrazine sulphate, maleic 
hydrazide etc.) produce chromosomal effects (Kimball, 1977). 
DIETHYL SULPHATE [(C2H50)2S02] or C4H,o04S 
Diethyl Sulphate (DES) is an alkylating agent. Rapoport 
(1947) studied the mutgenic effect of DES in Drosophila and 
postulated that ethylation is a mutation inducing process. 
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There after DES has been largely used as a plant mutagen. In 
plants the chlorophyll mutations with DES were first reported in 
barley (Heslot and Ferrarey, 1958). In general, alkylating agents 
primarily induce chromatid type aberrations (Revell, 1953; Ockey, 
1960; Kihlman, 1961; Evans and Scott, 1964; Hiener, 1971). 
Moreover, Buiatti and Ronchi (1963) suggested the possibility that 
the delayed appearance of abnormalities may not be due to a low 
sensitivity of G j cells, but due to a mutagen induced mitotic delay. 
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CHAPTER-4 
OBSERVATION 
In the present investigation the mutagenic effects of 
Hydrazine Gulphate and Diethyl Sulphate have been studied on 
morphology and cytology of Cicer arietinum. Different 
parameters, for morphological study such as seed germination, 
frequency of variations, height of mature plants, number of 
UKX*. iaktYi ivdo aaovi^ dl M,, M^ M3 ^ rvirddicw^ 
branches, yield and pollen fertility etc.,j^and for cytological studies 
chiasma frequency, univalents, multivalents, bridges, laggards, 
unequal separation etc., were taken into account in M] and M2. 
generations. Variants were selected from the treated populations 
on the basis of their cytomorphological changes in Mi and selfed. 
The seeds so obtained were sown in M2 generation, where in the 
selected mutants were studied in detail on various 
> morphological parameters. 
The selected mutants of M2 were sown in M3 generation 
separately. A set of untreated seeds were also sown as control in 
all generations. The data were analysed statistically. 
4.1: MORPHOLOGICAL STUDIES IN Mi GENERATION: 
4.1.1: Seed germination: 
The seed germination started on S'** day after sowing. It was 
counted from 8 to 30 days after sowing till the maximum 
germination was attained in control as well as treated seeds. 
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Generally the percentage of seed germination decreased with 
increasing concentrations of both the mutagens. In var. K 850 it 
decreased from 95.00% control to 41.33% in 0.5% HS treatment 
(Table-1, Graph-1), while in DES treatment it f irst increased to 
97% in 0.25% concentrations, then decreased gradually from 
88.16% to 48.66% in 0.5 to 2.0% concentrations, respectively 
(Table - 2 , Graph-2). 
In var. Pusa 372 the germination decreased from 92% 
(control) to 32.16% in 0.5% HS treatment (Table-3, Graph-1), 
whereas in DES treatment it increased over control (92%), in 
0.25% concentration and upto 95% then decreased to 45.66% in 
2.0% concentration (Table-4, Graph-2). 
4.1.2: Lethal Dose ( L D 5 0 ) : 
LD50 was the dose at which 50% seedling survived. The LD50 
in case of K 850 was worked out to be 0.365% in HS and 1,95% in 
DES. In var. Pusa 372 it was 0.33% in HS and 1.875 in DES 
(Graphs-1,2). 
4.1.3 : Percentage inhibition in germination: 
Germination observed in control was considered as maximum 
and standard for calculating the inhibition in treated populations. 
It was found to increase as the germination decreased. In var. K 
850 it increased from 17.20-56.49% in 0.1-0.5% HS, whereas in 
DES it was -2 .10 in 0.25% concentration due to enhancing effect 
and then increased to 48.77% in 2.0% concentration. In Pusa 372 
it increased to 65.04% in 0.5% HS and to 50.i€>% in 2.0% DES 
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except in 0.25% concentration in which it showed enhancing 
effect . In both varieties 0.25% DES was found to be germination 
enhancer (Tables-1-4). 
4.1.4: Frequency of morphological variations: 
The variations at seedling stage could not be observed in 
control. However, they were induced in the treated populations 
and increased from lower to higher concentrations of HS and DES. 
It increased in K 850 from 11.44-31.45% in 0.1-0.5% HS (Table-1, 
Gragph-3) and 8.24-24.66% in 0.25-2.0% DES treatment (Table-2, 
Graph-4). In Pusa 372 it increased from 13.76-43.53% in 0.1-0.5% 
HS (Table-3,Graph-3) and 9.47-35.04% in 0.25-2.0% DES (Table-
4,Graph-4), respectively. 
4.1.5: Morphological abnormalities in older seedlings: 
Control seedlings, approximately 30 days old were erect 
bearing normal pinnately compound leaves, alternate and pinna 
lanceolate var. K850 (Plate-I-1) and Pusa 372 (Plate-IIl-1). The 
seedling was deformed and bearing cluster of leaves, lower leaves 
were tr ifurcated in var. K850 in 0.4% HS (Plate-I-2). In 0.5% HS 
leaves formation was vary poor (Plate-I-3). In 0.25% DES seedling 
showed more number of branches than control and healthy growth 
(Plate-I-4). In 0.5% DES the seeding was healthy and height more 
than control (Plate-II-1). 
Two seedlings showed delayed germination and retarted 
growth in Pusa 372 (0.5% HS) (Plate-III-2,3). In 0.25% DES the 
seedling showed increased number of branches and leaves (Plate-
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III-4). In both varieties the abnormalities were more or less 
similar with varying frequencies. 
4.1.6: Height of mature plants 
The average height of mature plants generally decreased 
with increasing concentrations of HS and DES but in a lower cone, 
of DES, the growth showed enhancing effect. 
In var. K850 the height decreased from 52.74 cms (control) 
to 38.59 cm in 0.5% HS treatment (Table-1, Graph-5), whereas in 
DES treatment it showed enhancing effect and the height increased 
from 52.74 cm (control) to 55.04 cms in 0.25% Ccmc-and then 
decreased to 40.92 cms in 2.0% concentration, respectively 
(Table-2, Graph-6). 
The C.Vs. was minimum in control 5.81%, but increased in 
the treated heterogeneous populations (Tables-1,2). Moreover, the 
CVs in most of the Ccwc . were higher in HS and DES treatments. 
In HS the height reduction was significant at 1% level in all the 
concentrations (Table-1) while in DES the reduction was 
significant at 5% level in 0.25% concentration and at 1% level in 
1.0% and onward concentrations (Tables-2). 
The height decreased in Pusa 372 from 46.69-27.81 cm in 
control to 0.5% HS and to 31.2cm in 2.0% DES concentrations, 
respectively. Moreover, in 0.25% concentration it showed 
enhancing effect and the height increased to 47.29 cms over 
control (46.69 cm) (Table-4, Graph-6). The reduction in height 
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was comparatively more in HS in all the c o n e , (Tables-3,4, 
Graphs-5,6), 
The C.V. in most of the concentrations were more in HS and 
DES treatments. The reduction in height was significant at 1% in 
all the concentrations of HS and DES except in 0.25% DES in 
which it was insignificant. 
4.1.7: Number of branches per plant 
The average number of branches per plant in var. K 850 was 
5.93 per plant in control. It decreased in HS treatment from 4.30 
to 1.76 in 0.1-0.5% concentrations (Table-1, Graph-7), whereas in 
DES the number of branches increased over control to 6.4 and 6.03 
per plant in 0.25 and 0.5% concentrations and then decreased 
gradually to 1.80 per plant in 2.0% concentration, respectively 
(Table-2, Graph-8). 
The C.V. in treated populations increased in both mutagens. 
In HS the C.V. did not follow linear trend whereas in DES the 
increasing variations followed a more or less linear increasing 
trend (Tables-1,2). The reduction in the number of branches was 
significant at 5% level in 0.1-0.2% HS and increased to 1% level 
in 0.3-0.5% conc. In DES the increase/ decrease was insignificant 
upto 1.0% concentration but the reduction in still higher conc (1.5 
and 2.0% conc.) were significant at 5% and 1% level, respectively 
(Tables-1,2). 
The number of branches per plant in Pusa 372 decreased 
from 4.63 (control) to 1.50 in 0.5% in HS treatment (Table-3, 
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Graph-7). The C.Vs. did not follow any trend, rather it increased 
randomly in higher concentrations. The number of branches 
reduced to 1% level in 0.3-0.5% HS. In DES the number of 
branches at first increased over control (4.63) to 5.40 and then 
decreased gradually as the concentrations of mutagen increased. 
The C.V. was highest in 2.0% The number of branches 
reduced to 1% level in all the treatments except in 0.25% 
concentration in which the result was in positive direction (Table-
4, Graph-8). 
4.1.8: Yield 
The yield in control and treated populations was determined 
on the basis of number of pods per plant, number of seeds per 
plant and weight o j hundred seeds. Since the number of pods and 
seeds per plant decreased in all the concentrations of treated 
populations, as compared to control, the yield in terms of weight 
decreased accordingly. 
4.1.8: (i) Number of pods and seeds per plant 
The number of pods and seeds per plant decreased in var. K 
850 from 28.63 and 33.66 per plant in control to 7.06 and 7.56 in 
0.5% HS treatment, respectively (Table-1, Graphs-9,11). In DES 
the number of pods and seeds per plant decreased to 7.93 and 8.73 
in 2.0% concentration respectively, but in 0.25% conc-the number 
of pods and seeds per plant showed enhancing effect (29.73 and 
37.4) over control (Table-1, Graphs-10,12). The decrease in 
number of pods and seeds were significant at 1% level in all cone,. 
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of HS, Whereas in DES these were significant in 1.0% and onward 
cone . (Tables-1,2). In HS treatment the C.V. increased in the 
treated populations but did not followed any definite trend. The 
decrease in yield was significant at 1% in all the concentrations of 
HS, while in DES treatment the C.V. increased with increasing 
concentrations more or less linearly. The decrease in yield was 
significant at 1% level in 1.0-2.0% coy^c only (Tables-1,2). 
The number of pods and seeds per plant in Pusa 372 were 
21.53 and 30.3 in control and decreased to 5.83 and 7.26 in 0.5% 
HS, respectively (Table-3, Graphs-9,11). In DES the number of 
pods and seeds per plant decreased to 7.0 and 8.90 in 2.0% 
concentration, respectively but in 0.25% DES there was slight 
increase (24.4 and 35.56) over control in both characters (Table-4, 
Graphs-10,12). The C.V. in HS treatment was maximum in 0.5% 
concentration, while in lower c o o c . i t did not vary significantly. 
The decrease in number of pods and seeds per plant was 
significant at 5% in 0.l:(. 0.2V. and at 1% level in 0.3-0.5% 
concentrations of HS (Table-3). In DES treatment the decrease in 
number of pods and seeds per plant were significant at 5% level in 
0.25% concentration and 1% level in 0.5% and onward 
concentrations (Table-4). 
4.1.8: (if) Weight of 100 seeds 
The average weight of 100 seeds in control was 27.554 g in 
var. K 850. It decreased from 25.720-21.661 g in 0.1-0.5% HS 
concentrations, whereas from 27.400-21.941 g in 0.25-2.0% DES 
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concentrations. The C.V. was generally higher as compared to 
control in both mutagens (Tables-1,2, Graphs-15,16). The increase 
in C.Vs. exhibited more variations in seed weight and size. The 
decrease in weight was significant at 1% level in all the 
concentrations of both the mutagens except in 0.25% DES 
(Tables-1,2). 
The average weight of 100 seeds in var. Pusa 372 was 24.494 
g control. It decreased gradually to 17.483 g in 0.5% HS. The 
C.Vs. increased randomly in higher concentrations (Table-
3,Graph-15). The decrease in weight of seeds was significant at 
5% level only in 0.2% concentration and at 1% level in 0.3-0.5% 
concentrations of HS (Table-3). In DES the weight of 100 seeds 
decreased from control to 18.630 g in 2.0% concentrations with 
the simultaneous increase in C.V. in corresponding concentrations. 
The decrease in weight of seeds was significant at 1% level in 1.0-
2.0% concentrations (Tables-3,4, Graphs-15,16). 
4.1.9: Number of seeds per pod 
The number of seeds per pod in var. K 850 was 1.17 in 
control. It increased significantly to 1.20 in 0.1% HS and then 
decreased to 1.05 per pod in 0.5% HS (Table-1, Graph-13), While 
in DES it increased to 1% level in 0.25% ccvic and then decreased 
to 5% level of significance in 2.0% Co nc. Moreover, the seeds per 
pod increased over control in 0.5% DES also but it was 
insignificant (Table-2, Graph-14). 
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Graph-1 Seed germination and L D go in var. K850 and 
Pusa372 after treated with HS (Mi,M2 & M3 Generations). 
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Graph-2 Seed germination and L D 50 in var. K850 and 
Pusa372 after treated with DES (Mi.Ma & M3 Generations). 
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Graph-4 Frequency of morphological variations in var. K850 and 
Pusa372 after treated with DES (Mi.Ma & M3 Generations). 
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Graph-5 Average height of mature plants in var. K850 and 
Pusa372 after treated with HS (Mi.Ma & M3 Generations). 
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Graph-6 Average height of mature plants in var. K850 and 
Pusa372 after treated with DES (Mi,M2 & M3 Generations). 
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Graph-7 Average no. of branches per plant in var. K850 and 
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Graph-8 Average No of branches per plant in var. K850 and 
Pusa372 after treated with DES (Mi.Ma & M3 Generation). 
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The average seeds per pod in Pusa 372 in control was 1.40. 
It decreased to 1.20 and 1.23 per pod in HS and DES, respectively 
(Tables-3,4, Graphs-13,14). The C.V. increased as the 
concentrations of HS increased but in DES there is no any regular 
pattern. However, the decrease was significant at 5% level in 0.1, 
0.2, 0.4% HS and 1.5% DES, while at 1% level in 0.5% HS, and 
1.0 and 2.0% DES concentrations (Tables-3,4, Graphs-13,14). 
4.1.10: Pollen fertility 
Pollen fertility is also an important parameter in mutation 
breeding. In var. K850 the pollen fertility in control was 85.18% 
and decreased to 57.06% in 0.5% HS, while in DES it decreased to 
61.53 in 2.0% concentration (Tables-1,2, Graphs-17,18). 
The pollen fertil i ty in Pusa 372 in control was 84.78%. In 
HS it decreased to 54.16% in 0.5% concentration, whereas in DES 
it decreased to 60.11% in 2.0% concentration (Tables-3,4, Graphs-
17,18). 
4.1.11: MEIOTIC STUDIES IN M, GENERATION 
Meiotic studies are important phenomena to estimate the 
potency of mutagens on the parameters of structural and numerical 
changes in chromosomes. Structural and numerical rearrangements 
can be achieved through mutagenesis to create new 
recombinations, which are rarely obtained spontaneously or by 
conventional methods. 
C. arietinum L. has eight bivalents (2n=16). The 
investigation, following mutagenic treatments, was confined 
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mainly to the structural changes in chromosomes and their 
relationship with phenotypic/genotypic variations. The parameters 
of meiotic studies were the chiasmata frequency, multivalents, 
univalents, laggards, bridges, stickiness, micronuclei and 
various other chromosomal aberrations. 
At metaphase I all eight bivalents were normally arranged at 
equator, followed by the separation of eight individual 
chromosomes to their respective poles at anaphase I. Telophase I 
represented two groups of chromosomes enclosed in nuclear 
arid 
envelops. Metaphase (pother meiotic stages in control were 
generally normal (Plate-VII-1,2,3). 
4.1.11:(I) Abnormalities at metaphase I 
(i) Chiasma frequency per cell: 
Chiasma frequency per cell in K850 and Pusa 372 was 9.53 
and 9.0 (Control) at metaphase I. It reduced gradually to 6.73 and 
An 
6.66 per cell in 0.5% HS and to and 7.26 per cell(2.0% DES 
concentrations, respectively (Tables-5-8). 
(ii) Chiasma frequency per bivalent: 
The chiasma frequency in K850 and Pusa 372 (Control) were 
1.18 and 1.12 per bivalent, respectively at metaphase I. These 
reduced gradually to O.SH and 0.83 per bivalent in 0.5% HS and to 
0 .92 and 0.90 per bivalent in 2.0% DES concentration, 
respectively (Tables-5-8). 
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4.1.11 (Hi) Multivalents: 
Multivalents were not present in control as well as 0.25% 
DES treatment in both varieties. Their frequencies in treated 
populations ranged between 0.06-0.2 per cell in 0.1-0.5% HS and 
«0 0-3-j. o '/.OtS 
from 0.06-0.1 per cell(in K850. In Pusa 372 their frequency ranged 
between 0.1-0.26 per cell in 0.1-0.5% HS and 0.06-0.13 per cell in 
0.5-2.0% DES concentrations, respectively (Tables:5-8, Plates-IX-
2,X-1). 
4.1.11 (iv) Univalents: 
Univalents were absent in control and 0.25-0.5% DES in 
both varieties. Their frequencies increased from 0.06-0.4 per cell 
in 0.1-0.5% HS and from 0.03-0.13 per cell in 1.0-2.0% DES 
concentrations, respectively in K850. Similarly, in Pusa 372 they 
increased from 0.13-0.66 per cell in 0.1-0.5% HS and from 0.06-
0.53 per cell in 1.0-2.0% DES concentrations, respectively 
(Tables:5-8, Plates-VII-5,VIII-l ,IX-3,X-3). 
4.1.11 (v) Stickiness: 
Stickiness could not be recorded in control. Its frequency 
increased from 0.03-0.2 per cell in 0.1-0.5% HS and from 0.03-
0.16 per cell in 0.25-2.0% DES concentrations, respectively in K 
850. In Pusa 372 its frequency ranged between 0.06-0.23 per cell 
in 0.1-0.5% HS and from 0.03-0.13 per cell in 0.25-2.0% DES 
concentrations, respectively (Tables:5-8, Plates-VII-4,VIII-l ,IX-
1,X-2). 
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4.1.11:(vi) Precocious separation 
Precocious separation of cliromosomes could not be observed 
in control. Their frequency increased from 0.06-0.13 per cell in 
0.1-0.5% HS and from 0.03-0.16 per cell in 0.25-2.0% DES 
concentrations, respectively in K 850. In Pusa 372 its frequency 
ranged between 0.06-0.2 per cell in 0.1-0.5 HS'/and from 0.03-0.13 
per cell ia 0.25-2.0% DES concentrations, respectively (Tables-5-
8, Plate-VIII-2,3). 
4.1.11:(II) Abnormalities at anaphase I 
The studies on the abnormalities at anaphase I were mainly 
concerned with bridges, laggards, unsynchronized movement, 
unequal separation and stickiness of chromosomes. 
4.1.11:(i) Bridges 
Bridges could not be recorded in control, but increased from 
0.06-0.16 per cell in 0.1-0.5% HS and from 0.03-0.16 per cell in 
0.25-2.0% DES concentrations, respectively in K 850. Similarly, 
they ranged between 0.06-0.26 per cell in 0.1-0.5% HS and from 
0.03-0.2 per cell in 0.25-2.0% DES concentrations, respectively in 
Pusa 372 (Tables:5-8,Plate-VIII-5). 
4.1.11:(ii) Laggards 
The laggards could not be observed in control as well as 
lower concentrations of HS and DES. Their frequencies in treated 
population was generally very low. They occurred to be 0.03-0.06 
per cell in 0.4-0.5% HS and 0.03 per cell (Constant) in 1.5-2.0% 
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DBS concentrations in K 850. Similarly, in Pusa 372 they ranged 
0.03-0.13 per cell in 0.3-0.5% HS and 0.06-0.13 per cell in 1.5-
2.0% DBS concentrations, respectively (Table:5-8, Plate-Vll-6, 
IX-6). 
4.1.11:(iii) Unsynchronized movement 
Unsynchronized movement of chromosomes could not be 
recorded in control as well as 0.1-0.2% HS and 0.25-0.5% DBS in 
both varieties as well as 0.3% HS in Pusa 372. Their frequency 
increased from 0.03-0.16 per cell in 0.3-0.5% HS and from 0.03-
0.06 per cell in 1.0-2.0% DBS concentrations, respectively in K 
850. Their frequencies in Pusa 372 ranged between 0.06-0.13 per 
cell in 0.4-0.5% HS and from 0.03-0.1 per cell in 1.0-2.0% DBS 
concentrations, respectively (Tables:5-8, Plates-VIII-4, X-5). 
4.1.11:(vi) Unequal separation 
Unequal separation of chromosomes could not be observed in 
control, 0.1-0.2% HS and 0.25-1.0% DBS in both varieties. 
Generally the division was of 7+9 type and the frequencies 
increased from 0.03-0.06 per cell in 0.3-0.5% HS and 0.03 per cell 
(Constant) in 1.5-2.0% DBS concentrations, respectively in K 850. 
Similarly, it increased from 0.03-0.06per cell in 0.3-0.5% HS and 
from 0.03-0.06 per cell in 1.5-2.0% DBS concentrations, 
respectively in Pusa 372 (TabIe:5-8, Plates-Vni-6,7,X-4) . 
4.1.11:(v) Stickiness 
Stickiness could not be recorded in control plants, 0.1% HS 
and 0.25-0.5% DBS in both varieties^. Its frequency increased from 
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0.06-0.16 per cell in 0.2-0.5% HS and 0.03-0.13 per cell in 1.0-
2.0% DES, respectively in K850. Similarly, it increased from 
0.03-0.1 per cell in 0.3-0.5% HS and from 0.03-0.1 per cell in 
1.0-2.0% DES concentrations, respectively (Tables:5-8, Plate-VII-
7). 
4.1.11:(III) Abnormalities at telophase I 
In control the chromosomal abnormalities could not be 
observed at telophase I. In treatments also, the frequency of 
abnormalities at telophase 1 was very low as compared to 
metaphase I and anaphase I. The main abnormality was 
micronuclei. 
4.1.11:(i) Micronuclei 
The micronuclei could not be recorded in control, 0.1% HS 
and 0.25% DES in both varieties and 0.5% DES in K 850 only. 
Their frequencies in K 850 increased from 0.03-0.13 per cell in 
0.2-0.5% HS and from 0.03-0.1 per cell in 1.0-2.0% DES 
concentrations and in Pusa 372 they ranged between 0.06-0.1 per 
cell in 0.2-0.5% HS and from 0.03-0.1 per cell in 0.5-2.0% DES 
concentrations, respectively (Tables:5-8, Plate-X-7). 
4.1.11:(IV) ABNORMALITIES AT SECOND MEIOTIC 
STAGES 
The chromosomal abnormalities at second meiotic stages 
could not be observed in control. Their occurrence was very low in 
the treatments also, particularly in lower doses. However, some of 
the abnormalities recorded were stickiness, and precocious 
49 
separation at metaphase II, bridges, laggards^ unsynchronized 
movement and stickiness of chromosomes at anaphase II, 
micronuclei at telophase II stages in higher concentrations. 
4.1.11:(i) Metaphase 11 
The frequency of stickiness increased from 0.03-0.13 per 
cell in 0.1-0.5% HS and from 0.03-0.1 per cell in 1.0-2.0% DES 
concentrations, respectively in K 850; and from 0.03-0.16 per cell 
in 0.1-0.5% HS and 0.03-0.13 per cell in 0.5-2.0% DES, 
respectively in Pusa 372 (Tables:9-12, Plate-IX-5). 
The precocious separation of chromosomes increased from 
0.03-0.1 per cell in 0.3-0.5% HS and 0.06 (Constant) per cell in 
1.5-2.0% DES in var. K 850. Similarly, in Pusa 372 these ranged 
between 0.03-0.13 per cell in 0.1-0.5% HS and 0.03-0.1 per cell in 
0.5-2.0% DES concentrations, respectively (Tables:9-12, Plate-IX-
4) . 
4.1.11:(n) Anaphase II 
The average number of laggards increased from 0.06-0.13 
per cell in 0.4-0.5% HS and 0.06 per cell (Constant) in 1.5-2.0% 
DES concentrations in K850; and 0.03 per cell (Constant) in 0.4-
0.5% HS and 0.06 per cell in 2.0% DES in Pusa 372 (Tables:9-12, 
Plate-VII-9). 
The frequency of bridges increased from 0.03-0.1 per cell in 
0.1-0.5% HS and 0.03-0.06 per cell in 1.0-2.0% DES 
concentrations, respectively in K 850; and from 0.06-0.16 per cell 
in 0.1-0.5% HS and 0.03-0.1 per cell in 0.25-2.0% DES 
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concentrations, respectively in Pusa 372 (Tables:9-12, Plate-VII-
9). 
Unsynchronized movement of chromosomes were recorded to 
increased from 0.06-0.1 per cell in 0.4-0.5% HS and 0.03-0.06 per 
cell in 1.0-2.0% DES concentrations, respectively in K 850 and 
from 0.03-0.1 per cell in 0.3-0.5% HS and 0.03-0.06 per cell in 
1.0-2.0% DES concentrations, respectively in Pusa 372 (Table:9-
12, Plate-VII-9). 
The frequency of stickiness increased from 0.03-0.06 per 
cell in 0.4-0.5% HS and from 0.03-0.13 per cell in 1.0-2.0% DES, 
respectively in K 850; and from 0.06-0.1 per cell in 0.4-0.5% HS 
and 0.06 per cell (Constant) in 1.5-2.0% DES in Pusa 372 
(Tables:9-12, Plate-VII-8). 
4.1.11:(iii) Telophase II 
The frequency of micronuclei ranged between 0.06-0.13 per 
cell in 0.2-0.5% HS and 0.03-0.1 per cell in 1.0-2.0% DES 
concentrations, respectively in K 850. Similarly, in Pusa 372 they 
ranged between 0.06-0.16 per cell in 0.1-0.5% HS and 0.06 per 
cell (Constant) in 1.5-2.0% DES (Tables:9-12, Plate-X-8). 
Moreover three groups of chromosomes (8+8+16) could be 
recorded in Pusa 372 treated with DES but vary rarely (Plates-X-
6). 
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4.2: MORPHOLOGICAL STUDIES IN Mj GENERATION 
The seeds of control plants, treated populations and selected 
selfed variants of Mi generation were collected and sown in M2 
generation for further cytomorphological studies. The parameters 
were almost same as that in Mi generation. Data obtained have 
been analysed statistically. 
4.2.1: Seed germination 
Seed germination in K850 was 96.33 in control. It decreased 
from 90-64.16% in 0.1-0.5% HS treatment, while in 0.25% DES it 
increased to 97% which is more than control (96.33%) (Tables-
13,14, Graphs-1,2). 
The seed germination in var. Pusa 372 in control was 94%. 
In HS treatment it decreased from 87.0-66.50% in 0.1-0.5% 
concentrations, while in DES it decreased from 92.33-68.50% in 
0.25-2.0% concentrations (Tables-15,16, Graphs-1,2). 
4.2.2 : Percentage inhibition in germination 
The germination was observed to be 96.33 in K 850 and 
94.00% in Pusa 372. As the germination decreased the inhibition 
percentage increased in the higher doses. The germination 
inhibition in K 850 increased from 6.57-33.39% in 0.1-0.5y.HS and 
from 5.36-27.68% in 0.5-2.0% DES concentrations, respectively 
while in 0.25% it was (-0.69). In Pusa 372 it increased from 7.44-
29.25 in(HS and 1.77-27.12% in 0.25-2.0% DES concentrations 
respectively (Tables-13-16). 
4.2.3: Frequency of mutations 
The mutations did not occur in control. However, it 
increased from 6.66-15.58% in 0.1-0.5% HS and 7.21-14.35% in 
0.25-2.0% DES in K 850. In var. Pusa 372 it increased from 
10.34-19.54% in 0.1-0.5% HS and 8.66-16.05% in 0.25-2.0% DES, 
respectively. The mutation frequency was comparatively higher in 
Pusa 372 and that HS was found to be more effective (Tables-13-
16, Graphs-3,4). 
4.2.4: Height of mature plants 
The average height of mature plants generally decreased 
with increasing concentrations of the mutagens. In var. K 850, the 
height decreased gradually from 53.84 to 46.71 cms in control-
0.5% HS concentrations which were significant at 1% level in all 
the doses (Table-13, Graph-5). In DES treatment, the height first 
increased in 0.25% to 54.75 cms and then decreased gradually in 
higher concentrations. The increased height over control was 
insignificant, while the reduction was significant at 5% level in 
0.5% concentration and at 1% in 1.0-2.0% concentration. The C.V. 
followed the similar increasing trend in the higher concentrations 
of both mutagens (Table-14, Graph-6). 
The average height of control population in var. Pusa 372 
was 46.25 cms. It reduced gradually to 39.75 cms in 0.5% HS 
treatment (Table - 15, Graph - 5). In DES treatment the height 
increased insignificantly to 46.53 cms in 0.25% concentrations, 
while in still higher concentration it decreased to 35.98 cms in 
2.0% concentration (Table-16, Graph-6). The C.Vs. were generally 
higher in all the concentrations of both mutagens. The reduction in 
height was significant at 5% level in 0.4% HS only and at 1% 
level in 0.5% HS and 0.5-2.0% DES concentrations (Tables-
15,16). 
4.2.5: Number of branches per plant 
The average number of branches per plant in control was 
5.63 in var. K 850. It decreased randomly to 3.63 in 0.5% HS 
treatment, while in 0.25% DES it increased insignificantly to 5.86 
per plant and then decreased to 3.10 in 2.0% concentrations. The 
C.V. in HS and DES treated populations were generally higher 
than control but did not follow any definite increasing trend. The 
number of branches per plant reduced to 1% level of significance 
in all the concentrations of HS and 1.0-2.0% concentrations of 
DES (Tables-13,14, Graphs-7,8). 
The number of branches in Pusa 372 was 4.90 per plant 
(control). The number of branches decreased linearly to 2.13 per 
plant in 0.5% HS concentrations and to 2.90 per plant in 2.0% 
DES concentration. The C.V. did not follow any definite 
increasing trends in HS, while in DES it increased more or less 
linearly to 43.75% in 2.0% concentration (Tables-15,16, Graphs-
7,8). The decrease in number of branches was significant at 5% 
level in 0.1 and 0.3% HS and at 1% level in 0.2, 0.4 and 0.5% HS, 
62 
while in DES it reduced to 5% level in 1.5% concentrations and 
1% level in 2.0% concentration. HS was more effective in both 
varieties in reducing the number of branches (Tables-15, 16). 
4.2.6: Yield 
Yield was calculated on the basis of three parameters: 
number of pods per plant, number of seeds per plant and weight of 
100 seeds. 
4.2.6:(i) Number of pods and seeds per plant 
The average number of pods and seeds per plant in control 
was 26.70 and 32.53 in var. K 850. It decreased to 15.13 and 16.06 
in 0.5% HS treatment, respectively (Table-13, Graphs-9,11), while 
in DES treatment only the number of pods showed insignificant 
enhancing effect in 0.25% concentration as they increased to 27.13 
per plant and then decreased to 14.9 while the number of seeds 
decreased linearly to 16.8 per plant in 2.0% concentration (Table-
14, Graphs-10,12). The C.V. did not show any definite trend but 
these were high in both mutagens as compared to control. The 
decrease in number of pods and seeds per plant was significant at 
1% level in all the concentration of HS, while in DES it was 
significant at 1% level in 1.OX and onward concentration only 
(Tables-13, 14). 
The average number of pods and seeds per plant in var. Pusa 
372 was 22.13 and 32.13 in control. It decreased to 10.13 and i l 30 
per plant, respectively in HS and to 12.66 and 15.73 per plant in 
DES treatment, respectively. The C.Vs. in var. Pusa 372 increased 
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gradually in both the characters and both mutagens, the maximum 
being in 2.0% DES. The reduction in the number of seeds per plant 
was significant at 5% level in 0.1% HS and 1.0% DES, while the 
number of pods per plant were significantly reduced to 1% level in 
0.4, 0.5% HS, and 2.0% DES. The seeds production reduced to 1% 
level in 0.3-0.5% HS and in 0.5% and 2.0% DES concentrations 
(Tables-15, 16, Graphs-9-12). 
4.2.6:(ii) Weight of 100 seeds 
The average weight of 100 seeds in control was 26.566 g 
in var. K 850. It decreased as the concentrations of HS increased. 
The range of decrease was 25.451-22.13 g in HS and 25.702-
23.542 gi . in DES (Tables-15, 16, Graphs-15,16). 
The C.Vs. in control and treated population, did not showed 
much variations in some treatments of HS and DES except in some 
higher doses. Moreover, slight negative variations in weight was 
significant at 1% level in allconc. of HS and DES. 
The weight of 100 seeds in Pusa 372 in control was 24.373 
g and followed almost the same decreasing pattern except that 
var. K 850 was less affected by HS and DES as compared to Pusa 
372 (Tables- 15,16, Graphs-15,16). 
4.2.7: Number of seeds per pod 
The seeds per pod in var. K 850 was 1.22 (control). It 
decreased linearly to 1.05 per pod in 0.5% HS and randomly to 
1.13 per pod in 2.0% DES except in 0.2% HS, where it increased 
over control to 1.27 per pod. The C.Vs. did not follow any definite 
6 4 
trend, but in 0.2% HS it was higher than other concentrations 
showing the variations accordingly. The reduction was significant 
at 1% level in 0.3-0.5% HS treatment, while in 0.2% HS the 
increase over control (positive) was significant at 1% level (Table-
13). In DES also the reduction was significant at 1% level in 2.0% 
concentration only (Tables-13,14, Graphs-13,14). 
The number of seeds per pod in Pusa 372in control was 
1.44. It decreased randomely in HS to 1.22 in 0.5% concentration, 
while in DES it decreased gradually to 1.23 in 2.0% dose, but in 
0.25% DES, there was insignificant increase over control. The 
C.V. in treated populations were normally higher than control, 
moreover the number of seeds per pod decreased to 1% level in 
0.1, 0.3-0.5% HS and 0.5-2.0% DES, respectively (Tables-15,16, 
Graphs-13,14). 
4.2.8: Pollen fertility 
Pollen fertil i ty was affected by both the mutagens in M2 
generation also. In var, K 850, the average pollen fertil i ty in 
control was 86.27%. It decreased more or less linearly to 59.23% 
in HS and to 65.16% in 2.0% DES concentrations, respectively 
(Tables-13, 14, Graphs-17,18). 
Pollen fertil i ty in Pusa 372 was 84.61% (control). In HS 
treatment it decreased to 58.00% in 0.5% HS and in DES it 
decreased to 65.30% in 2.0% concentration, respectively (Tables-
15, 16, Graphs-17,18). 
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4.2.9: Mutagenic effectiveness and efficiency 
The mutagenic effectiveness in var. K 850 was higher in HS 
than in DES treatment. It was maximum (2.77) in 0.1% HS but as 
the concentrations of mutagen increased the effectiveness 
decreased to 1.29 in 0.5% HS treatment. In DES it ranged between 
1.20-0.29 in 0.25-2.0% concentrations, that is, in lower 
concentrations the effectiveness was more, while in higher 
concentrations it slowed down (Tables-17,18). 
The mutagenic effectiveness in HS was higher than DES in 
var. Pusa 372. It decreased from 4.30-1.62 in 0.1-0.5% HS 
treatment, while in DES it ranged between 1.4H-0.33 in 0.25-2.0% 
doses, moreover, the lower doses of HS and DES were more 
effective (Tables-19-20). 
The mutagenic efficiency had been worked out on the basis 
of inhibition of germination (Mp/I) and pollen sterility (Mp/S). 
The mutagenic efficiency (Mp/I) in var. K 850, in HS treatment 
decreased from 1.01-0.46 in 0.1-0.5% concentrations (TabIe-17). 
In DES treatment the value (Mp/1) was negative (-10.44) in 0.25% 
concentration due to enhancing effect on germination but in still 
higher concentrations (0.5-2.0% doses) it decreased from 1.63-
0.51 (Table-18). The efficiency in var. Pusa 372 decreased from 
1.38 (in 0.1%) to 0.66 (0.5%) concentration of HS (Table-19), 
while in DES at first it decreased from 4.8S (maximum) to 0.59 in 
0.25-2.0% concentrations (Table-20). 
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The mutagenic efficiency based on pollen sterility in var. 
K850 did not follow any definite trend as it decreased randomly 
from 0.81-0.49 in 0.1-0.5% HS but higher in 0.3% HS 
concentration. .Whereas in DES the Mp/S values decreased linearly 
from 1.39-0.57 in 0.25-1.0% concentrations and then increased in 
1.5 and 2.0% concentration to 0.63 and 0.58, respectively (Table-
17,18). The effectiveness (Mp/S) in var. Pusa 372 decreased 
linearly from 1.13-0.62 in 0.1-0.5% HS treatment, while in DES it 
decreased from 1.36-0.65 in 0.25-1.5% doses but increased to 0.70 
in 2.0% dose. The lower concentrations of HS and DES were found 
to be more efficient as the values were considerably higher. 
4.2.10: MEIOTIC STUDIES IN Mz GENERATION 
Cytological analysis in Ma generation was done from the 
plants raised from the seeds of selected variants of Mi generation. 
They showed less variations as compared to those in Mi. Moreover 
some mutations which could not be detected in Mi but appeared in 
M j were considered as true recessive mutants. The parameter of 
cytological analysis were same as in Mi generation. 
4.2.10:(I) Abnormalities at metaphase I 
(i) Chiasma frequency: 
The frequency of chiasma per cell in K 850 decreased 
gradually from 9.46 (Control) to 8.73 per cell in 0.5% HS and to 
8.86per cell in 2.0% DES treatment, respectively. In Pusa 372 it 
decreased from 9.06 (Control) to 8.46 per cell in 0.5% HS and to 
8.53 in 2.0% DES treatment, respectively. 
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The frequency of chiasma per bivalent decreased gradually 
in higher concentrations. In K 850 it decreased from 1.18 
(Control) to 1.09 in 0.5% HS and to 1.10 in 2.0% DES treatment, 
respectively. In pusa 372 it decreased from 1.13 (Control) to 1.05 
per cell in 0.5% HS and to 1.06 per cell in 2.0% DES treatment, 
respectively (Tables:21-24). 
(ii) Multivalents: 
The multivalents could not be observed in the control plants 
as well as lower concentrations of HS and DES in both varieties. 
Their frequency increased from 0.03-0.06 per cell in 0.3-0.5% HS 
and 0.03 per cell (Constant) in 1.5-2.0% DES concentrations in K 
850. They ranged between 0.03-0.1 per cell in 0.1-0.5% HS and 
from 0.03-0.1 per cell in 1.0-2.07.concentrations, respectively in 
Pusa 372 (Tables:21-24). 
(iii) Univalent: 
Univalents were absent in control as well as lower 
concentrations of treated populations in M2 generation. They 
increased from 0.06-0.26 per cell in 0.3-0.5% HS and 0.03 per cell 
in 2.0% DES in K 850; and from 0.06-0.53 per cell in 0.1-0.5% HS 
and 0.06 per cell in 2.0% DES in Pusa 372 (Tables:21-24). 
(iv) Stickiness: 
The stickiness among chromosomes was absent in control 
plants, but their frequency increased from 0.03-0. Iper cell in 0.2-
0.5% HS and 1.0-2.0% DES concentrations, respectively in K 850; 
and from 0.03-0.13 per cell in 0.3-0.5% HS and from 0.03-0.06 per 
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cell in 1.0-2.0% DES concentrations, respectively in Pusa 372 
(Tables:21-24). 
(v) Precocious separation: 
Precocious separation of chromosomes could not be recorded 
in control as well as lower concentrations of HS and DES. 
However, it ranged between 0.06-0.1 per cell in 0.3-0.5% HS and 
0.03-0.1 per cell in 0.25-2.0% DES concentrations in K 850. The 
frequency in Pusa 372 increased from 0.03-0.1 per cell in 0.3-
0.5% HS and 0.06-0.1 per cell in 1.0-2.0% DES, respectively 
(Tables:21-24). 
4.2.10:(II) Abnormalities at anaphase I 
The common abnormalities at anaphase I were bridges 
laggards, unsynchronized movement, unequal separation and 
stickiness of chromosomes. Their frequencies were generally 
lower than in Mi generation. 
(i) Bridges: 
The frequency of bridges in the treated populations ranged 
between 0.03-0.13 per cell in 0.1-0.5% HS and 0.03-0.1 per cell in 
0.5-2.0% DES, respectively in K850. Similarly, they increased 
from 0.03-0.16 per cell in 0.1-0.5% HS and from 0.03-0.1 per cell 
in 1.0-2.0% DES, respectively in Pusa 372 (Tables:21-24). The 
bridges were comparatively more in HS treated plants in both 
varieties. 
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(ii) Laggards: 
The laggards were not recorded in control as well as lower 
concentrations of HS and DES in both varieties. Their frequency 
in K 850 ranged between 0.06-0.1 per cell in 0.3-0.5% HS and 
0.03 per cell in 2.0% DES; 0.03-0.06 per cell in 0.3-0.5 % HS and 
0.03 per cell in 2.0% DES in var. Pusa 372 (Tables:21-24). 
(iii) Unsynchronized movement: 
Unsynchronized movement of chromosomes, to their 
respective poles, was absent in control. However, this 
chromosomal disturbance occurred in treated plants and their 
f requency was 0.03 per cell (Constant) in 0.4-0.5% HS and 0.03 
per cell in 2.0% DES in var. K 850, but it increased from 0.03-0.1 
per cell in 0.3-0.5% HS and 0.03-0.06 per cell in 1.5-2.0% DES, 
respectively in Pusa 372 (Tables:21-24). 
(iv) Unequal Separation of chromosomes: 
Unequal separation of chromosomes did not occur in control 
as well as lower concentrations of HS and DES. However, they 
occurred to be 0.03 per cell (Constant) in 0.4-0.5% HS and in 
2.0% DES concentration in K850. Their frequency ranged between 
0.03-0.06 per cell in 0.4-0.5% HS, respectively and 0.06 per cell 
in 2.0% DES in Pusa 372 (Tables:21-24). 
(v) Stickiness: 
The stickiness was found to be occurred as 0.06 per cell 
(Constant) in 0.4-0.5% HS and 0.03 per cell (Constant) in 1.5-
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2.0% DES in K 850. The frequency increased from 0.06-0.1 per 
cell in 0.3-0.5% HS and 0.03-0.1 per cell in DES, respectively in 
Pusa 372 (Tables:21-24) 
4.2.10:(III) Abnormalities at telophase I 
Only the micronuclei could be recorded at telophase I stage. 
(i) Micronuclei: 
The micronuclei were not present in control as well as lower 
concentrations of HS and DES in both varieties. In K 850 they 
increased from 0.03-0.06 per cell in 0.3-0.5% HS and 0.03 per cell 
(Constant) in 1.5-2.0% DES concentrations. Similarly, in Pusa 372 
the frequency was 0.03-0.1 per cell in 0.3-0.5% HS and 0.03 per 
cell in 2.0% DES, respectively (Tables:21-24). 
4.2.10:(IV)ABNORMALITIES AT SECOND MEIOTIC 
STAGES 
The chromosomal abnormalities at second meiotic stages in 
M2 generation were rare and the frequencies were lower as 
compared to those in Mi generation as well as meiosis I of M2 
generation. 
(!) Metaphase II: 
Generally the stickiness and precocious separation were 
observed at metaphase II, in treated population only. 
The frequency of stickiness increased from 0.03-0.06 per 
cell in 0.3-0.5% HS whereas a constant value of 0.03 per cell was 
79 
recorded in 1.5-2.0% DES in K 850; 0.4-0.5% HS and in 2.0% 
DES treatment in Pusa 372 (Tables:25-28). 
The precocious separation occurred to be 0.06 per cell 
(Constant) in 0.4-0.5% HS and in 2.0% DES in K 850; 0.03-0.06 
per cell in 0.3-0.5% HS and 0.03 per cell (Constant) in 1.0-2.0% 
DES in Pusa 372 (Tables:25-28). 
(ii) Anaphase II: 
Chromatin bridges, unsynchronized movement and stickiness 
were present in treated plants. 
Bridges did not occur in control. They ranged between 0.06-
0.1 per cell 0.3-0.5% HS, respectively and 0.03 per cell in 2.0% 
DES in K 850; 0.03-0.1 per cell in 0.3-0.5% HS and 0.03-0.06 per 
cell in 1.5-2.0% DES, respectively in Pusa 372 (Tables:25-28). 
Unsynchronized movement of chromosomes was absent in 
control as well as lower concentrations of HS and DES in both 
varieties. However the lowest frequency 0.03 per cell (Constant) 
occurred in 0.4-0.5% HS and 2.0% DES in var. K 850; 0.06 per 
cell in 0.5% HS and 0.03 per cell in 2.0% DES in Pusa 372 
(Tables:25-28). 
The frequency of stickiness increased from 0.03-0.06 per 
cell in 0.4-0.5% HS and 1.5-2.0% DES, respectively in K850; 0.06 
per cell in 0.5% HS and 2.0% DES, respectively in Pusa 372 
(Tables:25-28). 
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(iii) Telophase II: The abnormalities at telophase II were rare. 
However, the lowest frequency of micronuclei, 0.03 per cell, 
occurred in 0.5% HS only in both varieties (Tables:25-28). 
4.2.11: MUTANTS IN Mj GENERATION 
The selected and selfed variants collected in Mi generation 
were sown in M2 and morphological study of each segregant was 
carried out in detail. 
4.2.11:(i) Mutants in K 850 
Three mutants inherited from HS induced variants of Mi 
generation were selected in M2 generation. All the three mutants 
were dwarf and superior in yield induced by 0.3, 0.4 and 0.5% HS, 
respectively (Table-29- A,B,C). 
Three mutants were obtained in DES treatment. First and 
second were high yielding and height more than control, were 
isolated in 0.25 and 1.5% DES. Third mutant was dwarf with high 
yield in 2.0% DES (Table-29, D,E,F). 
4.2.11:(ii) Mutants in Pusa 372 
Four mutants were selected in HS treatment. First, second 
and third mutants were superior in yield and taller than control in 
0.2, 0.3 and 0.4% HS, respectively (Table-30, G,H,I). Forth 
mutant was dwarf and poor in yield in 0.5% HS (Table-30, J), 
while two mutants taller than control and superior in yield were 
isolated in 0.25% and 1.0% DES, respectively (Table-30, K,L). 
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4.3: M O R P H O L O G I C A L O B S E R V A T I O N S IN Mj 
GENERATION 
All the collected seeds of M2 were sown in M3 generation. 
Besides, the seeds of selected and selfed mutants of M2 were also 
sown individually. Cytomorphological studies of general 
populations as well as selected mutants were carried out. The 
paiameteis of the study were same as in Mi and M2 geneiations. 
The data of control and general treated populations recorded on 
morphological parameters, such as seed germination, germination 
inhibition, frequency of , pollen fertil i ty, yield etc. have 
been presented in tables (31-34). The seed germination and pollen 
fert i l i ty in M3 were higher than those in Mi and M2 generations. 
The germination inhibition and frequency of mutations were found 
to be less than that of M2 and followed the general trend of 
increase with increasing concentrations of mutagens. 
The seed germination in K 850 decreased from 95.33% 
(control) to 80.00% in 0.5% HS and to 86.00% in 2.0% DES 
(Tables-31, 32), while in Pusa 372 it decreased from 94.66% 
(control) 76.66% in 0.5% HS and to 86.66% in 2.0% DES, 
respectively (Tables-33, 34, Graphs-1,2). 
The height of the mature plants in K 850 decreased from 
o- D '/. 
53.51 (control) to 49.43cms in /HS, to 50.72 cms in 2.0% DES 
(Tables-31, 32, Graphs-5,6). In Pusa 372 it decreased from 46.71 
(control) to 40.91 cms in/LHS and to 41.48 cms in (DES , 
respectively (Tables-33, 34, Graphs-5,6). 
9 2 
The number of branches in K 850 decreased from 5.73 
(control) to 4.03 in 0.5% HS, to 4.86 in 2.0% DES (Tables-31, 32, 
Graphs-7,8). In Pusa 372 it decreased from 4.96 (control) to 3.56 
in 0.5% HS and 3.93 in 2.0% DES (Table-33, 34, Graphs-7,8). 
The number of pods and seeds per plant in K850 decreased 
from 27.5 and 33.56 (C) to 19.06 and 21.86 in 0.5% HS and to 
23.7 and 27.26 in 2.0% DES, respectively. In Pusa 372 the number 
of pods and seeds per plant decreased from 22.86 and 32.40(C) to 
15.96 and 19.83 in 0.5% HS while in DES these decreased to 18.23 
and 24.23 in 2.0% concentrations, respectively. (Tables-31-34, 
Graphs-9-12). 
The weight of 100 seeds decreased in K850 from 27.372(C) 
to 23.708 in 0.5% HS and to 24.326 in 2.0% DES (Tables-31, 32, 
Graphs-15,16). In Pusa 372 it decreased from 24.359 (C) to 21.226 
in 0.5% HS and to 21.425 gms in 2.0% DES, respectively (Tables-
33, 34, Graphs-15,16). 
Generally the number of seeds per pod does not show any 
significant increasing or decreasing trend. Moreover, some 
mutants showing significantly differing characters, in positive or 
negative direction, have been isolated and mentioned separately 
(Tables:35-36). There was general trend that the number of seeds 
per pod decreased in the treated populations and reached to 5% 
level in 1.0% DES in var. K 850 and 0.25%, 0.50% DES in Pusa 
372. It reduced to 1% level in 0.5% HS and 2.0% DES in K 850 
and in 0.5% HS and 2.0% DES in Pusa 372. 
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Moreover, besides the general negative trend there were the 
positive mutants were also obtained in Pusa 372 in which the 
number of seeds per pod increased to 5% level in 0.4% HS and 
1.5% DBS. It showed that Pusa 372 is more responsive to HS and 
DBS treatment (Tables-31-34, Graphs-13,14). 
Pollen fertility in K 850 decreased from 86.95% (control) to 
77.75% in 0.5% HS, and 80.0% in 2.0% DBS, and in Pusa 372 
from 87.32% (control)-70.0% in 0.5% HS, and to 78.57% in2.0% 
DBS treatment (Tables-3 1-34, Graphs-17,18). 
4.3.1: MUTANTS IN Mj GENERATION 
Seeds of selected mutants collected in M2 were sown in M3 
generation. 
4.3.1:(i) Mutants in K 850 
Four mutants had been isolated which were inherited from 
M2 generations. First and second were dwarf and superior in yield 
isolated in 0.3% HS (Table:35, A-1, A-2). 
Third was sterile mutant obtained in 0.4% HS (Table-35, B-
1). Fourth was broad leaved with big sized pods in 0.5% HS 
(Table-35, C-1). 
Three mutants were isolated in DBS treatment. First and 
second was taller than control and superior in yield in 0.25% and 
1.5% DBS (Table:35, D-1, B-1). Third mutant was sterile and with 
reduced height in 2.0% DBS (Table:35, F-1). 
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4.3.1(ii) Mutants in Pusa 372 
Five mutants had been isolated in HS treatment. First was 
broad leaved and high yield in 0.2% HS (Table:36, G-I). second 
was dwarf and inferior in yield in 0.3% HS (Table-36, H-1). Third 
and fourth were taller than control and superior in yield in 0.4% 
HS, respectively (Tables:36, I- l , 1-2). Fifth was dwarf and sterile 
mutant in 0.5% HS (Table:36, J-1). 
Two mutants had been isolated is DES treatment. Both were 
taller than control and superior in yield in 0.25% and 1.0% DES 
(Table:36, K-1, L-1). 
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CHAPTER-5 
DISCUSSION 
The present discussion is mainly confined to the effect of 
Hydrazine Sulphate and Diethyle Sulphate on seed germination, 
plant morphology, cytology, yield and similar other characteristics 
on varieties K850 and Pusa372 of C.arietinum L. The probable 
reasons and explanations regarding the mutagenic effects have 
been discussed below. 
5.1: Seed germination 
The test of germination would, be an important parameter 
that measures the induced effect of HS and DES. The seed 
germination in C.arietinum decreased with the increasing 
concentrations of HS and DES in K 850 and Pusa 372. The extent 
of decrease in germination differed in both the mutagens. 
The reduced germination due to inhibitory effect of 
mutagens as observed in C.arietinum L. has also been reported by 
Khan and Siddiqui (1987) in mung bean, Jain and Agarwal (1993) 
and Anis and Wani (1997) in Trigonella foenum graecum, Kumar 
et al. (1993) in Vicia faba, Ansari and Siddiqui (1995) in Ammi 
majus L., Mitra and Bhowmik (1998) in Nigella sativa and Lai and 
Sharma (2000) in Plantago ovata. 
However, the mutation frequency and inhibition of 
germination in HS and DES treatments in var. K 850 were lower 
than in Pusa 372. It showed that Pusa 372 was more sensitive to 
1 0 2 
HS and DES treatments. Moreover, HS was found to be more 
effective regarding the inhibition of germination and induction of 
variations in seedlings. 
Griffiths and Johnson (1962) and Srivastava (1979) 
considered that reduction in germination percentage was due to 
weakening and disturbances of growth processes resulting in early 
elimination of seedlings. Krishna et al. (1984) considered that the 
inhibition of germination may be due to interaction between 
mutagen and the seed cell system. It may also be due to toxicity of 
mutagens followed by mutational changes at genie or chromosomal 
level, because the reduction in germination corresponds with the 
increasing chromosomal aberrations. 
Moreover, the lower doses of DES stimulated the 
germination percentage, increasing it over control in the present 
material. Such stimulatory effect on seed germination has also 
been reported by Sawan et al. (2000) by Kinetin application in 
cotton, Haroun and Alshehri (2001) by Calotropis procera extract 
in Vicia faba, whereas HS had no such stimulatory effect. The 
increase in germination percentage at lower doses could be due to 
inactivation of germination inhibitors present in the seeds. 
According to Haroun and Alshehri (2001) chemical component of 
Calotropis procera extract as glycerides and fatty acids at low 
concentrations give hormonal effect and enhance plant growth. 
The germination was delayed in almost all concentrations of 
HS and higher concentrations of DES, but in M2 the delaying 
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effect was less severe in the increasing concnetrations of HS and 
DES. In M3 generation the delay was insignificant due to ceasing 
toxic effect of HS and DES in successive generations. 
5.2: Frequency of variations/mutations 
In the present materials the frequency of variations was 
found to increase in Mi generation with increasing concentrations 
of HS and DES in var. K850 and Pusa 372. HS treatment had 
induced higher variation frequency than DES in both varieties. 
However the frequency of mutations obtained after selfing the 
important variants of Mi followed with the selection in M2, was 
comparatively lower than the variant of Mi generation. These were 
also concentration dependent and increased accordingly. Similar 
concentration dependent increase in the frequency of mutations 
was noted by Vandana (1992) with EMS and DES on faba bean, 
Solanki and Sharma (2002) with EI, NEU and gamma rays in Lens 
culinaris. 
5.3 Variation in leaf morphology in seedlings and mature 
plants 
Variations in the shape, size and number of cotylendonary 
and vegetative leaves (i.e. notching, poorly developed, unequal, 
rudimentary, small and thicker leaflets) as observed in Cicer 
arietinum are the common effects of mutagens. Similar 
abnormalities have been induced by irradiation and chemical 
mutagens in Brinjal (Zeerak, 1990) and Vicia faba (Vandana and 
Dubey, 1988; Vandana, 1992; Kumar et al., 1993). 
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It has been reported by earlier authors that anomaly in the 
proportion of growth hormones in treated materials may be 
responsible for cotyledonary abnormalities (Napp-Zinn, 1955). On 
the other hand, Hagen and Gunckel (1958) found in general that 
where leaf abnormalities occurred there was a concomitant 
increase in the free amino acid contents in these leaves. Similar 
factors may be responsible for leaf variations in present 
experiment also. 
According to Devreux and Mugnozza (1964) the general 
disturbance in metabolic pathway due to irradiation may be one of 
the important factors responsible for such abnormalities. Dubinin 
(1976) opined that several enzymes are involved in the process of 
mutation. These enzymes participate in the whole process at 
various stages and many of the potential lesions are converted into 
mutations as results of enzymatic activity. Whereas Rao (1972) 
attributed that the leaf abnormalities were due to several 
environmental factors such as fertility, availability of water and 
the degree of luxuriance during growth. Blixt (1972) considered 
that leaf aberrations seemed to be due to actual mutation process 
and these are most easily induced in leguminous plants. 
5.4: Height of mature plants 
The average height of plants decreased in all the increasing 
concentrations of HS and high concentrations of DES in both 
varieties. The height reduction as seen in Cicer has also been 
observed by many workers such as Krishna et al. (1984) in Rhodes 
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grass by gamma rays, Khan and Siddiqui (1987) in mung bean by 
MMS, Ansari and Siddiqui (1995) in Ammi majus L by EMS, 
Verma et al. (1999) in Lens culinaris by gamma rays, Haroun and 
A1 Shehri (2001) by Calotropis procera extract, Al-Ubaidi et al. 
(2002) in duram wheat by gamma rays. 
Several workers have explained the causes of decreasing 
height due to mutagenic treatments. The structural changes in the 
constitution of chromosomes (Thoday, 1951) or chromosomal 
damage (Arumugam et al., 1997) may be the major factors in 
growth inhibition. On the other hand, growth inhibition may arise 
due to interference of mutagens with the cells elongation (Sparrow 
and Sparrow, 1965) or injury caused to the meristematic cells 
(Ansari and Siddiqui, 1995). 
According to Gunckel (1957), the possible influence of 
phytohormones and other physiological disturbances make for 
stunted plant growth. Mhaske (1971) is also of the opinion that the 
inhibition of growth in higher doses of gamma rays is due to 
physiological imbalances in plants. Gupta and Sumata (1967) 
found that auxin had a rapid turn over rate in metabolically active 
tissue and that the auxin biosynthesis is very sensitive to the 
ionizing radiations. So any disturbance in auxin level might have 
caused growth reduction in Cicer also. Krishna et al. (1984) also 
opined that the reduction in growth might be due to auxin 
destruction, changes in ascorbic acid content and physiological 
and biochemical disturbances. Moreover, chromosome breakage 
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during mitotic inhibition and inhibition of DNA synthesis, have 
also been implicated as a cause of reduced plant growth. 
On the other hand, in DES the lower concentrations 
enhanced the height over control. This effect was significant in K 
850 while insignificant in Pusa 372 in Mi generation. The average 
height in 0.25% DES treatment increased over control in M2 
generation also but it was insignificant in both varieties. The 
selfing in Mi and M2 generation and segregation of desirable genes 
exhibited significant result in M3 generation in which taller and 
higher yielding mutants had been obtained. The enhancing effect 
on height has also been reported by Anis and Wani (1997) in 
Trigonella foenum graecum by caffeine, Sawan et al. (2000) in 
Gossypium barbadense by kinetin application. 
Thus the average height of mature plants and number of 
branches in the treated Mi, M2 and M3 populations shifted in the 
negative or positive direction. The negative shift of the mean has 
been supported by Brock and Latter (1961) and Gaul (1965), while 
increase in mean was obtained by Anderson and Olson (1954) and 
Krull and Frey (1961). 
5.5: Yield 
A crop plant can be improved in productivity and adaptation 
to environment only when genetic variability for the specific trait 
is available in the treated population. Yield is a very important 
parameter in mutation breeding, because ultimately the plant 
breeder wants to improve the yield. 
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By the effect of increasing concentrations of HS and DES, 
the yield generally decreased in both varieties. The decrease in 
yield as observed in Cicer was also reported by Amer and Farah 
(1976) in Vicia faba by carbomate pesticides, Reddy and Rao 
(1982) in Capsicum annuum by insecticides, Vandana and Dubey 
(1988) in Vicia faba by EMS and DES, Kumar et al. (1993) in 
Vicia faba by gamma rays and DES, Verma el al. (1999) in Lens 
culinaris by gamma rays and Wang et al. (2001) in rice by EMS. 
The reduction in yield occurred due to induced disturbances 
in meiosis which affected the frequency of normal microspores to 
a greater extent and the megaspores to a lesser extent and hence 
the fruit set was directly affected. Singh and Chowdhury (1972) 
are also of the opinion that various chromosomal abnormalities are 
related with lower pollen fertility and ultimately the seed set. The 
decrease in yield was more in HS treatment than DES in both 
varieties. The var. Pusa 372 was more sensitive to HS and DES 
treatments. 
Moreover, as discussed earlier, the lower concentrations of 
DES exhibited stimulatory effect on yield in Mi generation. This 
effect of DES still persisted in M2. Resultantly some positive 
mutants had been obtained in M3 in 0.25% and 0.5% 
concentrations, which were superior in yield, that is, the yield 
increased over control. Such type of mutants had also been 
reported by Anis and Wani (1997) in Trigonella foenum graecum 
by caffeine, Javed et al. (2000) in Brassica juncea, Kumar (2001) 
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in Cicer arietinum by combined treatment of phosphorus and 
sulphur, Reddy (2001) in hexaploid triticales by combined 
treatment of gamma rays and EMS, Khudhair et al. (2002) in 
Glycine max L. by gamma rays. 
The reasons for increased yield in the lower concentrations 
may be attributed to the enhancing effect of gamma rays 
(Jahagirdar, 1975; Kothekar, 1983), less affectivity of DES 
(Heiner et al., 1960; Sato, 1966) and growth regulatory effect of 
2,4-D (Audus, 1961). 
5.6: Pollen fertility 
The pollen fertility decreased with the increasing 
concentrations of HS and DES in both varieties with the 
simultaneous increase in sterility. Consequently the yield also 
decreased in these concentrations, giving the evidence that 
chromosomal abnormalities leading to pollen sterility had affected 
the fruit set directly. 
Decrease in pollen fertility with increasing concentrations of 
mutagens has also been reported by Athma and Reddi (1986) in 
Ricinus communis, Jayabalan and Rao (1987) in Lycopersicon 
esculentum, Vandana and Dubey (1988) in Vicia faba, Laxmi et al. 
(1988) in chilli, Kumar et al. (1993) in Vicia faba, Ansari and 
Siddiqui (1995) in Ammi majus, Arumugam et al. (1997) in barley, 
Mitra and Bhowmik (1998) in Nigella sativa, Lai and Sharma 
(2000) in Plantago ovata, Harovin and Al shehii (2001) in Vicia 
109 
faba, Muthusamy and Jayabalan (2002) in Gossypium hirsutum L. 
etc. 
Rana and Swaminathan (1964) and Ramanna (1974) reported 
that any deviation in karyokinesis and cytokinesis could produce 
non-viable microspores. The decrease in pollen fertility could be 
due to an increase of various chromosomal abnormalities like 
bridges, laggards and micronuclei etc. 
5.7: Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is an index of the response of a 
genotype to the increasing doses of the mutagen in M2 generation. 
In present experiment, generally the mutagenic effectiveness was 
more in lower concentrations of HS and DES, whereas it decreased 
with increasing concentrations of both mutagens in var. K 850 and 
Pusa 372. The order of mutagens based on effectiveness was HS > 
DES in Pusa 372 and K 850. The decline in the mutagenic 
effectiveness at higher doses showed that the increase in mutation 
rate was not proportional to the increase in the concentrations of 
HS and DES, rather it was found to be inversely proportional. 
Similar results were obtained by Singh and Chaturvedi (1980) in 
Vigna radiata by EMS, NMU, gamma rays and their combined 
treatments; Solanki and Sharma (1994) in Lens culinaris by 
gamma rays, ethylene imine and N-nitroso N-ethylUrea. Rao and 
Rao (1983) and Kharkwal (2001) considered that chemical 
mutagens showed higher effectiveness than physical mutagens. 
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The usefulness of any mutagen in plant breeding depends not 
only on its effectiveness but also upon its efficiency. The 
mutagenic efficiency indicates the extent of genetic damage in M2 
generation in relation to the biological damage caused in M2. 
In Cicer arietinum the greater efficiency at lower doses was 
due to the fact that the biological damage increased with the 
enhancement in the dose at a higher rate than the frequency of 
mutation in M2 at same dose (Konzak et al., 1965). Solanki and 
Sharma (1994) considered that the higher efficiency of a mutagen 
indicates relatively less biological damage (i.e. seedling injury, 
sterility etc) in relation to mutations induced. This may be taken 
as an established fact for almost all situations. 
Moreover, in present experiment, the mutagenic efficiency 
decreased with few exceptional variations (i.e. increase) in 
intermediary and higher doses. Similar intermediary increase of 
efficiency was also noted by Khan and Hashim (1979) in 
Phaseolus aureus and Reddi and Suneetha (1992) in rice which 
provided the evidence that effectiveness and efficiency did not 
necessarily increased linearly with the increasing doses, rather 
every dose had its own effectiveness and efficiency, independent 
of the other lower and higher doses. Although there was general 
decrease in the effectiveness and efficiency in higher 
concentrations of HS and DES, there was a significant exception 
in 0.25% DES (in var. K 850) in which the efficiency value (Mp/1) 
increased to -10 .44 over control. 
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5.8: MEIOTIC STUDIES 
Somatic chromosome number in Cicer arietinum, 2n=16, was 
confirmed by Mercy et al. (1974), Ahmad and Godward (1980). 
Meiotic study discloses regular 8 bivalents at metaphase I 
and the normal separation of 8 univalents at anaphase I in all the 
strains of C.arietinum, confirming the observations of earlier 
workers (Ladizinsky and Adler 1976, Mercy et al., 1974, 
Mukherjee and Sharma 1987, Ahmad 2000). 
It is also interesting to note that despite the smaller size of 
chromosomes in chickpea there is great tendency to form trivalent 
and other abnormalities (Lavania & Lavania 1983). 
Resultantly, due to mutagenic treatment of seeds with HS 
and DES, the plants showed varying degrees of meiotic 
irregularities, like reduction in chiasma frequency, multivalents, 
univalents, stickiness, laggards, precocious separation of 
chromosomes, unequal division, bridges with or without laggards 
and micronuclei etc. 
Generally the meiotic irregularities increased with an 
increasing concentrations of HS and DES. The frequency of 
abnormalities were mostly concentration dependent and was higher 
in meiosis I than in meiosis II (Anis and Wani 1997, Dryanova and 
Dimitrov 2000, George 2001, Haroun and Al Shehri 2001, 
Donbake 2002). 
112 
5.8.1: Chiasma frequency 
The range of chiasma frequency in Cicer arietinum was 
reported to be 1.36-1.0 per bivalent (Mukherjee and Sharma, 
1987). There was little variation in chiasma frequency per PMC's 
among accessions within a species, but considerable variation 
among different species (Ahmad and Chen, 2000). 
Chiasma formation characteristic is the pairing of 
homologous chromosomes at meiosis and controls the degree of 
recombination, besides influencing the fertility. Chiasma 
frequency decreased in HS and DES treatments as the 
concentration increased in both varieties in Mi generation. 
Moreover, the maximum reduction in var. K 850 and Pusa 372 was 
noticed in 0.5% HS treatment. The decrease in chiasma frequency 
was relatively less in M2, indicating that some sort of recovery 
mechanisms must have operated in the intervening period. 
Reduction in chiasma frequency following mutagenic 
treatments was also observed in some plants such as Sorghum 
(Sree Ramulu, 1971; Pearl millet (Singh et al, 1977; Pennisetum 
typhoides (Lai and Srinivasachar, 1979); Helianthus annuus (Al-
Allaf and Godward, 1979); Chilli (Lakshmi and Prakash, 1988); 
Lentil (Reddy and Annadurai, 1992); Vicia faba (Khan et al., 
1998; Haroun and Al shehri, 2001). 
Sadanandam and Subhash (1984) attributed the reduction in 
chiasma frequency to the nature and potency of mutagens and also 
to the underlying factors, such as complex structural changes or 
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the change in the nature of gene responsible for chiasma 
formation. It might also be attributed to the failure of complete 
pairing. 
According to Al-Allaf and Godward (1979) cryptic structural 
changes such as minute deletions or small inversions in some of 
the chromosomes in the embryonic initials or the initials which 
had survived the elimination process to take part in the formation 
of the inflorescence, may be responsible for the failure of these 
segments to form chiasmata and hence reduced the frequency. 
The formation of univalents affected the normal pairing and 
consequently decreased the chiasma frequency in Cicer. This was 
also probably caused by cryptic structural changes in the 
chromosomes forming genetic differences and restricting the 
pairing with other homologous ones, as suggested by Anis and 
Wani (1997). Cryptic structural changes occurred due to 
heterologous conditions induced by the mutagens. 
Reduced chiasma was found to be a factor for causing 
desynapsis in Tradescantia (Celarier, 1955), but it was difficult 
for him to comprehend whether chiasma failure was due to 
desynapsis or desynapsis was the cause of reduction of chiasma 
frequency. 
5.8.2: Stickiness 
Although the first report of chromosome stickiness was 
published in the beginning of century (Koernicke, 1905), the term 
stickiness was first employed by Beadle (1932) when he described 
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the sticky aspect of chromosomes in maize cells that had suffered 
a mutation. 
Stickiness among the chromosomes was present at metaphase 
and anaphase I and II stages, in Mi and M2 generations. It was 
more common in HS treatment as compared to DES in both 
varieties. 
The stickiness among meiotic chromosomes was also 
reported by many workers, such as Khan et al., 1998; Verma et al., 
1999; George, 2000; Pagliarini et al., 2000; Haroun and Al shehri, 
2001; George and El-Haleem, 2001. 
Evans (1962) suggested the stickiness to be due to aberrant 
nucleic acid synthesis and partial dissociation of nucleoproteins. 
Mc Gill et al. (1974) and Klasterska et al. (1976) suggested that 
stickiness arise due to improper folding of chromosome fibers. It 
could also be the result of partial dissociation and altered pattern 
of organization of nucleoproteins (Evans, 1962; Shaikh and 
Godward, 1972; Katiyar, 1978 and Myers et al. 1992). Rao and 
Lakshmi (1980) reported that stickiness can be caused due to 
disturbances of cytochemically balanced reactions by the effect of 
alkylating agents. Stickiness also resulted in the movement of 
bivalents towards the poles at anaphase due to the non-disjunction 
of homologous chromosomes. 
According to Gaulden (1987) the stickiness may result from 
defective functioning of one or two types of specific non-histone 
proteins involved in chromosomes organization, chromatid 
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separation and segregation. The altered functioning of these 
proteins leading to stickiness is caused by mutation in structural 
genes coding for them or by the direct action of mutagens. Sharma 
(1955, 1956) found that the stickiness during meiosis in different 
strains may be due to high heterochromatin content. 
5.8.3: Precocious separation of chromosomes 
Precocious separation of chromosomes was found at 
metaphase I and II stages in Mi and M2 generations. Its frequency 
was maximum in var. Pusa 372 treated with HS followed by Pusa 
372 with DES, K850 with HS and DES treatments. It exhibited that 
Pusa372 was more sensitive to both mutagens in the induction of 
precocious movement of chromosomes. As in the present material, 
its occurrence at metaphase 1 has been reported by number of 
workers also (Amer and Farah, 1987; Somashekar, 1987; Das and 
Roy, 1989; Anis and Wani, 1997 and Khan et al., 1998). 
According to Amer and Ali (1974) this chromosomal 
behaviour is due to irregular spreading of chromosomes, which 
may be attributed to the disturbance in spindle apparatus. Bose and 
Saha (1970) reported that the univalents separating precociously 
seemed to be as a result of desynapsis. This reason was found to 
be true for the present material also. Anis and Wani (1997) found 
that some of the univalents disjuncted early and presumably this 
happened due to genie disturbances. Such chromosomal 
divergences in the form of precocious movements is pointed 
towards structural differentiation of homologous pair. 
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5.8.4: Multivalents 
The frequency of multivalents increased with increasing 
concentrations of HS and DES in K850 and Pusa 372. In the 
present study maximum frequency was observed in 0.5% HS in 
varieties K850 and Pusa 372. 
Multivalent formation has also been reported by many 
workers (Reddy and Annadurai, 1992 by gamma rays, EMS and 
SA; Zeerak, 1992 by gamma rays and EMS; Ahmad, 1993, by 
gamma rays; Khare, 1994 by gamma rays; Vandana and Dubey 
1996 by EMS and DES; Khan et al., 1998 by 6-BAP and 
Muthusamy and Jayabalan, 2002 by gamma rays). 
According to Lea (1955) and Srivastava (1979) broken ends 
of the chromosomes when fused at random may bring about 
unequal changes making up the multivalents. It may also be due to 
the breakage in chromosomes and their reunion through reciprocal 
translocations (Shastry and Ramaih, 1961). Chaghtai and Hasan 
(1979) recorded the multivalents with increasing dosage of EMS, 
MES and MMS in Lens esculenta and suggested that transloctions 
might have been produced due to terminal affinities of 
chromosomes. 
5.8.5: Univalents 
Generally the frequency of univalents was higher than other 
abnormalities as well as in HS treated both varieties. 
According to Zeerak (1992) the mutagen induced structural 
changes in chromosomes and gene mutations might be responsible 
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for the failure of pairing among homologous chromosomes and 
hence the presence of univalents. According to Kaul and Nirmala 
(1993) and Reddi et al. (1999), where univalency is complete the 
asynapsis is presumed and where it is partial the desynapsis is 
inferred. 
Univalents have also been reported in mutagenic treatments 
by many workers some of them are Panganti et al. (1988) in pearl 
millet; Velazquez, (1994) in Rhoeo spathacea; Zeerak (1992) in 
tomato; Ahmad (1993) in chickpea; Kaul and Nirmala (1993) in 
Pisum sativum-, Khare (1994) in Adiantum\ Reddi et al. (1999) in 
rice; Reddy and Rao (2000) in rice; Singh (2002) in Hordeum 
vulgare and Bione et al. (2002) in Glycine max L. 
5.8.6: Bridges 
The frequency of bridges generally increased with increasing 
concentrations of HS and DES. The PMCs showing bridges in 
treated populations of Cicer arietinum, were encountered at AI/AII 
stages and found to be comparatively more at meiotic I stages. 
They occurred to be more frequent in HS treatment in var. Pusa 
372. Bridges formation was also recorded by George (2000) in 
Vicia faba\ Pagliarini et al. (2000) in Paspalum accession-, George 
and El-Haleem (2001) in Vicia faba-, Utsunomiya et al. (2002) in 
maize have reported directly proportional relationship of bridges 
with increasing concentrations of mutagens. 
Bridge formation can be attributed to the general stickiness 
of chromosomes at metaphase or breakage and reunion of 
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chromosomes (Araer and Ali, 1974; Kaur and Grover, 1985; 
Ahmad and Yasmin, 1992). Singh and Khanna (1988) considered 
that anaphase bridges may be formed due to unequal exchange or 
dicentric chromosomes. The occurrence of breaks at the same 
locus and their lateral fusion leads to the formation of dicentric 
chromosomes, which are pulled equally to both the poles at 
anaphase and a bridge is formed. Thomas (1961) found that in 
some cells interstitial chiasm'ata in the translocated chromosomes 
failed to complete terminalization and during anaphase this 
resulted in a bridge. According to Bose and Saha (1970) a single 
bridge without fragment could result from the failure of division 
of end genes brought about by nucleic acid upset. 
Chromatin bridges with fragments could be interpreted due 
to paracentric inversions (Kalloo, 1972; Sinha and Godward, 1972 
and Katiyar, 1978). The chromatin bridge on the basis of crossing 
over within an inversion was supported by Zeerak (1992) also. The 
bride may result in unequal separation of chromosomes at later 
stages causing decrease in pollen fertility. 
According to Akhund-Zade and Khvostova (1966) alkylating 
agents induce mainly isochromatid deletions which lead to the 
formation of chromatid bridges at anaphase. These bridges are 
broken and accentric fragments are lost which lead to disturbance 
of the chromosome balance and ultimately to cell death. 
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5.8.7: Laggards 
The frequency of laggards was more in var. Pusa 372 than in 
K850 induced by HS and DES. The frequency although followed 
the increasing trend but in general they occurred in low quantity in 
the present material. 
Delayed terminalization, stickiness of chromosome ends or 
failure of chromosome movement have lead to laggard 
chromosomes in C.arietinum. Magoon et al. (1958) also support 
the above view but they specified that this could be due to change 
in homology of the paired chromosomes. Tarar and Dnyansagar 
(1980) and Das and Roy (1989) are of the opinion that due to the 
effect of mutagens the spindle fibres failed to carry the respective 
chromosome to the polar regions and resultantly the lagging 
chromosome appeared at anaphase I. 
5.8.8: Unsynchronized movement 
Unsynchronized movement of chromosomes was absent in 
control but occurred rarely in treated populations in the present 
material. However, its presence has also been reported by 
Venkateswarlu et al. (1988) in Catharanthus and Khan et al. 
(1998) in faba bean. The unsynchronized movement of bivalents or 
laggards might be due to the discrepancies in spindle formation. 
5.8.9: Unequal separation of chromosomes 
Instead of expected 8:8 division of chromosomes at anaphase 
I, the unequal disjunction of chromosomes was observed in higher 
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concentrations of HS and DES in both varieties. The frequency 
was more or less similar in both the treatments. 
This abnormality was induced due to early or delayed 
separation of bivalents or movement of one chromosome of a 
quadrivalent to one pole and the remaining three to the other. It is 
also possible that a bivalent failed to disjoin and moved as a whole 
to one of the poles. The same anomaly has also been observed by 
various workers, such as Ahmad (1993) in Cicer arietinum; Kaul 
and Nirmala (1993) in Pisum sativum-. Khan et al. (1998) in Vicia 
faba; Singh (2002) in Hordeum vulgare. 
The unequal separation of chromosomes might also be due to 
disturbed spindle mechanism and stickiness (Liang et al. (1967)), 
Amer and Ali (1968) and Reddy and Rao (1978). 
5.8.10: Micronuclei 
Micronuclei were more common at telophase I and II stages. 
Their frequency increased in higher concentrations of HS and DES 
in both varieties but in HS treatment they occurred more 
frequently than DES. 
Similar results have also been reported by Ignacimuthu and 
Babu (1989) in urd and mungbean. Khan et al. (1998) in Vicia 
faba, Reddi and Rao (2000) in rice, Dryanova and Dimitrov (2000) 
in triticale callus, Singh (2002) in Hordeum vulgare. 
The correlation of the occurrence of laggards due to failure 
of spindle formation, leading to the formation of micronuclei at 
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telophase I and II, is supported by Liang et al. (1969); Amer and 
Ali (1974) and Reddy and Rao (1978). 
Micronuclei might also be due to the coalescence or 
aggregation of chromatin materials into masses of various number 
and sizes (Kabir and Alam, 1986) or failure of daughter nuclei to 
reach their respective poles, which either disintegrated or formed 
micronuclei (Somashekar, 1987) or it might be the out come of 
some disturbances during pairing of homologous chromosomes 
(Jayabalan and Rao, 1987). These micronuclei further resulted in 
polyads and were responsible for the production of sterile pollen 
(Patil and Bora, 1961). 
It has been concluded that the cytomorphological variations 
observed in the present experiment may be due to the 
physiological, biochemical, metabolic and chromosomal/genic 
disturbances induced by the action of HS and DES, along with 
their interactions with the environment. 
HS showed linear concentration effect relationship on 
different aspects of Cicer arietinum L., such as seed germination, 
growth and yield etc., while DES on the other hand, showed 
enhancing effect on these aspects in lower concentrations. 
Moreover, in higher concentrations the effect of DES was similar 
to those in HS. Morphological variations were higher in HS and 
DES treatments in both varieties in Mi generation, while in M2 and 
M3 the mutants were either chromosomal or genie and moreover 
recessive. The mutation rates in lower concentrations were higher 
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since less damaging concentrations were more effective and 
efficient. Chromosomal abnormalities were also concentration 
dependent and more or less responsible for morphological 
variations. The mutations were more or less similar in both 
mutagens with the differences in their frequencies only. 
It is apparent that HS and DES have potentiality to induce 
variability in C.arietinum and therefore, could be used to improve 
the crop both in terms of quantitative and qualitative characters. 
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C H A P T E R - 6 
SUMMARY 
The effect of HS and DES on seed germination, plant 
growth, pollen fertility.A^yield in Cicer 
arietinum L. (Leguminoceae) var. K850 and Pusa 372 has been 
tjWjL muoltc aknovrftwJilla kun x-n M,OY><! Mxyrutaiiow .^ 
Studied i n Mi, M2 and M3 generations^[Few selected mutants have 
been maintained in M3 generations. The findings are summarized 
below. 
1. Seed germination, average height of mature plants and pollen 
fertility decreased with increasing concentrations of HS and 
DES in both varieties. The maximum reduction in height was 
obtained in HS treatment in K850 and Pusa372. The lower 
concentrations of DES caused enhancing effect on 
germination and plant height. Similar trend was followed in 
M2 generation also, but the germination percentage and plant 
height was comparatively higher than Mi generation. In M3 
the decrease/increase was insignificant due to less toxic 
effect of mutagen. Moreover, some mutants (taller and 
dwarfs) obtained as a result of segregation in M2 and M3 
generation. 
2. Frequency of morphological variations increased with 
increasing concentrations of HS and DES. The mutants in M2 
were selected on the basis of selfing the variants of Mi and 
M2 and maintaining them in M2 and M3. The frequency of 
mutations was generally lower in M2 and M3 generation. 
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3. Older seedlings exhibited morphological variations such as 
varied leaf shape and size, semi erect plant with lesser 
number of branches and leaves, healthy seedlings with 
increased number of branches, delayed germination followed 
by retarted growth and rudimentary seedlings bearing 
undifferentiated branches and leaves in Mi generation. 
4. Various micromutational characters such as average number 
of branches, pods, seeds, seeds/pod and weight of 100 seeds 
were studied in Mi, M2 and M3 generation. All the characters 
generally decreased with increasing concentrations of HS 
and DES but lower concentrations of DES showed 
stimulatory effect on these characters. 
5. The mutagenic effectiveness was higher at lower 
concentrations of the mutagens. HS was more effective than 
DES in K850 and Pusa372. The mutagenic efficiency was 
worked out on the basis of seedling injury (MP/1) and pollen 
sterility (MP/S), and showed a declining trend with 
increasing concentrations of HS and DES in both varieties. 
6. The chiasma frequency (per cell and per bivalent) generally 
decreased in increasing concentrations of HS and DES at 
metaphase I stage. The maximum adverse effect on chiasma 
frequency was caused by HS treatment in both varieties. The 
similar pattern was followed in M2 generation also, but the 
effect was less adverse, showing improvement in the chiasma 
frequency. 
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7. Multivalent associations, univalents, precocious separation 
and stickiness increased with increasing concentrations of 
HS and DES in both varieties and their frequencies were 
comparatively lower in M2 than in Mi. The univalents occurs 
naturally in control population in present material. 
Moreover, their frequency were maximum in 0.5 XHS and 
2.0% DES. 
8. The abnormalities like bridges, laggards, unsynchronized 
movement of chromosomes, unequal separation and 
stickiness, were mainly observed at anaphase I. The 
maximum frequency of these abnormalities were observed in 
HS treatment in both varieties. Moreover the abnormalities 
were lesser in DES. The same abnormalities were observed 
in M2, but their frequency were lower than in Mi generation. 
9. The main abnormalities at telophase I were the micronuclei 
and laggards, following the similar increasing trend in Mi 
but these were rare in M2 generation. 
10. The abnormalities in second meiotic stages were 
comparatively lesser in treated populations in Mi and M2 
generations. However, some of the abnormalities recorded 
were stickiness and precocious separation at metaphase II; 
bridges, laggards, unsynchronized movement, 
and stickiness at anaphase II; Micronuclei 
at telophase II. The frequencies of above mentioned 
abnormalities in M2 generation were lesser than Mi. The 
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possible cytogenetic reasons behind the variations have been 
discussed in details. 
11. The positive and negative mutants have been isolated in M3. 
They showed various morphological characters almost 
similar to those in M2, such as tall, dwarf, bushy, decreased 
branching, high or low yielding etc. which were stabilized in 
M3 generations. 
It has been concluded that the induced 
cytomorphological variations, following mutagenic treatment 
in Cicer arietinum L., provided chances for the selection of 
significant number of characters, some of which were 
certainly superior to control populations. Thus mutation 
breeding is an important tool which can induce tremendous 
efforts. 
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• Not seen in original 
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Figure Plate I: Morphological abnormali t ies in older 
seedl ings of C.arietinum var. K850 
induced by HS and DES (Mi generation) 
1. Control 
2. Deformed seedling with cluster of leaves. Some leaflets 
show irregular shape and thick while others are lanceolate 
(0.4%HS). 
3. Reduced growth with scanty leaves, some leaves show 
smooth margin (0.5% HS). 
4. Erect seedling with increased number of branches. Leaves 
are broad and thick (0.25% DES). 

Figure Plate II: Morphological abnormali t ies in older 
seedl ing of C.arietinum var. K850 
induced by DES (Mi generation) 
1. Erect seedling with notched leaves and smooth margin 
(0.5% DES). 


Figure Plate IV: Selected mutants of C.arietinum var. K850 
in M3 generation. 
1. Mutant with reduced height, number of branches and size 
of leaves bigger with increased yield (Table-35, A-1, 
0.3% HS) 
2. Tall mutant with two branches and sterile (Table-35, B-1, 
0.4% HS). 
3. Mutant with reduced height with profuse branching at the 
base. The branches were thin with several rachillae 
towards the top giving bushy appearance, with high yield. 
(Table-35, C-1, 0.5% HS). 
4. Taller mutant with two types of leaves^lower/.euves bigger 
arranged in alternate rachis while at the apex the leaves 
were in cluster. Underdeveloped condensed leaves also 
present in nods in addition to normal leaves^ ' high 
yield (Tables-35. D-1, 0.25% DES). 

Figure Plate V: Selected mutant of C,arietinum var. K850 
in M3 generation. 
1. Tall with reduced branches and underdeveloped pods with 
no seed set (Table-35, F-1, 2.0% DES). 
f'-t' 
Figure Plate VI: Selected mutants of C.arietinum var. Pusa 
372 in M3 generation. 
1. Tall mutant with high yield (Table-36, G-1, 0.2% HS). 
2. Tall, bushy mutant with decreased yield (Table-36, H-1, 
0.3%HS). 
3. Dwarf, erect mutant with lesser number of branches and 
decreased yield (Table-36, J-1, 0.5%HS). 
4. Tall, bushy mutant with high yield (Table-36, L-1, 1.0% 
DES). 

Figure plate- VlI:-Meiotic abnormalities in C. arietinum var. K850 induced 
by Hydrazine sulphate (Mi Generation). 
Figure Plate III: Morphological abnormal i t ies in older 
seedl ings of C.arietinum var. Pusa372 
induced by HS and DES (Mi generat ion) 
1. Control 
2. Reduced growth with small, thick and leathery leaves 
(0.5% HS). 
3. Seedling with reduced height and narrow leaves (0.5% 
HS). 
4. Erect, bushy seedlings with lanceolate leaves (0.25% 
DES). 
Figure Plate VIII: Meiotic abnormali t ies in C.arietinum 
var. K850 induced by Diethyl sulphate 
(Ml generation) 
3. Metaphase I: 
1. Metaphase I: 6 bivalents forming one group due to 
stickiness, with two univalents (0.5% DES). 
2. Metaphase I: All rod bivalents, one bivalent separating 
precociously (0.5% DES). 
Precocious movement of a rod bivalent and 
other chromosomes showing mild sticky 
tendency (1.0% DES). 
Showing 16 univalents moving 
unsynchronously (1.0% DES). 
Showing bridges (1.5% DES) 
Unequal division of chromosomes (7+9) 
(1.5%DES). 
7. Late Anaphase I: Unequal disjunction of chromosomes 9+7 
(2.0% DES). 
4 Anaphase I: 
Anaphase I: 
Anaphase I: 
Figure Plate VII: Meiotic abnormali t ies in C.arietinum var. 
K850 induced by Hydrazine sulphate 
(Ml generation) 
1. Metaphase I: Control-8 rod bivalents at equator 
2. Anaphase I: Control-8 chromosomes (univalents) moving 
towards poles. 
C o n t r o l , 
3. Telophase I: j^l polar nuclei 
4. Metaphase I: Showing stickiness and stray chromosomes 
arranged in 3 groups (0.2% HS). 
5. Meta-Anaphase I: Showing 16 univalent (0.3%HS). 
6. Anaphase I: Showing 2 laggards (0.3%HS). 
7. Anaphase I: Showing stickiness (0.4%HS) 
8. Anaphase II: Uncountable chromosomes due to stickiness 
(0.5%HS). 
9. Anaphase II: A broken bridge, unsynchronized separation of 
chromosomes leading to the laggards formation 
(0.5%HS). 
Figure plate VIII:- Meiotic abnormalities in C arietinum var. K850 
induced by Diethyl sulphate (Mi Generation). 
Figure Plate IX: Meiot ic abnormali t ies in C.arietinum var. 
Pusa372 induced by Hydrazine sulphate 
(Ml generation) 
1. Metaphase I: 
2. Metaphase II: 
3. Metaphase I: 
4. Metaphase II: 
5. Metaphase II: 
6. Anaphase I: 
Showing stickiness among 7 bivalents and 
one bivalent free (0.1% HS). 
6"+l'"+l' (A trivalent) (0.1%HS). 
Showing 16 univalenfe(0.2% HS) 
Precocious separation at metaphase II 
(0.4%HS) 
Stickiness among chromosomes (0.2%HS). 
The laggard, causing the separation of 
urt«<iu<\(number of chromosomes on poles (8+7) 
(0.3%). 
Figure plate-IX:- Meiotic abnormalities in C. arietinum var. Pusa372 
induced by Hydrazine sulphate (Mi Generation). 
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Figure plate-X:- Meiotic abnormalities in C. arietinum var. Pusa372 
induced by Diethyl sulphate (Mi Generation). 
Figure Plate X: Meiot ic abnorm^litifis in C.arietinum var. 
Pusa372 induv a by Diethyl sulphate 
(Ml generat iok) 
1. Metaphase I; 
2. Metaphase I: 
3. Metaphase I: 
4. Anaphase I: 
5. Anaphase I: 
6. Telophase II: 
7. Telophase I: 
Telophase II: 
Three bivalents sticktJ. , end-to-end 
forming a hexavalent (0.5%) 
DES). 
Stickiness and a univalent (0.5% DES). 
Showing (1. >% DES),^oiQi, 
Unequal divisicn of chromosomes (7+9) 
(1.5% DEC). 
Unsynchronized movement of chromosomes 
(1.5%DES). 
Forming 3 groups (8+8+16 chromosomes) 
(2.0% DES). 
Showing micronuclei (2.0%DES) 
5-nucleated condi.ion (3 nuclei normal, 
while fourth divi.'.ed in two micronuclei) 
(2.0% DES). 
